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ABSTRACT 
 
This survey was conducted from June 2004 to May 2005 to study ticks 
and tick-borne diseases (TBDs) of cattle namely ehrlichiosis and theileriosis 
in South Darfur State. Ticks collection was carried out at intervals of two 
months for one year from sedentary and semi sedentary cattle of three age 
groups < 2, >2 and > 4 years old in five localities,  Nyala, Edd-alferrsan, 
Tulus, Reheid-alberid and Umdafug where tick control measures were not 
adopted. 
Four genera and 15 species of ticks were identified. These include 
Amblyomma lepidum, A. variegatum, Hyalomma anatolicum anatolicum, H. 
dromedarii, H. impeltatum, H. marginatum rufipes, H. impressum, H. 
truncatum, Boophilus annulatus, B. decoloratus, Rhipicephalus evertsi 
evertsi, R. guilhoni, R. muhsamae, R. praetextatus and R. sanguineus 
sanguineus. H. a. anatolicum was found only in Nyala. 
         The highest tick load prevalence of ticks was observed during the rainy 
season. The effect of animals’ sex showed that cows carried more ticks than 
oxen, but with no significant difference. Younger animals carried low 
numbers of ticks, cattle with white coat colour were infested by the higher 
numbers of ticks compared to animals with brown or black coat colour.  
  A total of 900 blood smears and 408 serum samples were collected from 
sedentary cattle from the five localities mentioned above plus some samples 
from Alradom municipality. Blood smears examination revealed that 13 
(1.4%) of cattle had Theileria spp. piroplasms, while sero-surveillance using 
ELISA performed with recommbinat antigens (Tasp) revealed that 24 (19.8 
%) out of 121 samples were positive for Theileria annulata antibodies. The 
highest prevalence of piroplasms (5.3%) was observed in Nyala and the 
lowest prevalence (1.3%) was in Reheid-alberdi, no piroplasms were detected 
in Tulus, Umdafug and Alradom. The highest prevalence of Theileria 
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annulata antibodies was in Edd-alferrsan (47.6%) while the lowest prevalence 
(5%) was in Alradom.. 
  Out of 408 cattle sera tested using indirect ELISA MAP- 1B, 169 
(41.4%) had antibodies against Ehrlichia ruminantium.  The prevalence rate 
ranged between (51.1%) in Umdafug and (27.7%) in Reheid-alberdi. Cows 
had higher antibodies against T. annulata and E. ruminantium than oxen. 
Theileriosis and ehrlichiosis antibodies showed higher prevalence during the 
rainy season and winter.  
                 It is concluded that there are geographical changes in distribution of 
ticks and some TBDs particularly T. annulata. Therefore, it is recommended 
to carry out further investigations and intensive research on ticks and TBDs 
on domestic and wild animals, and to study economic impact of ticks and 
TBDs for the purpose of drawing strategic plans for control of ticks and 
TBDs.  
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INTRODUCTION 
  
  Ticks are important vectors of diseases to animals and man (Estrada-Pena 
et al., 1999; Cumming, 1999) and widely distributed throughout the world 
particularly in tropical and subtropical countries. It has been estimated that 
80% of cattle of the world are infested with ticks (FAO, 1984). Ticks and 
tick-borne diseases (TBDs) are obstacles to increased production in livestock 
(Pegram et al., 1989).  In Africa alone, 175 million head of cattle are at risk 
of ticks and TBDs (Norval et al., 1991a). Ticks are responsible for high 
losses, either by transmitting devastating and fatal diseases (Theileriosis, 
Elirchiosis, Anaplasmosis, Babesiosis etc....) or by damage of hides and 
udder, injecting toxins and causing anaemia through blood exsanguination 
(FAO, 2004).  
                  The Sudan is the largest African country with livestock estimated to be 
136 million of which 40 million cattle, 50 million sheep, 42.5 million goats, 
4 million camels and 0.5 million horses (Anon, 2005) in addition to wildlife 
and an unknown numbers of donkeys, dogs and cats.  Inspite of the large 
number of livestock, the outcome is low in production and productivity. 
South Darfour State lies between latituates 8o 30’ to 13o N and longitudes 
23o 15’ to 28oE. It is one of the richest states in animal resources in the 
Sudan.  Livestock population in the state is estimated to be 11 million 
consisting of 3.9 million cattle, 3.6 million sheep, 2.9 million goats, 53500 
donkeys and 30700 horses  (Anon, 2004). They are traditionally reared, the 
husbandry of some is characterized by migration and movement of 
pastoralists and their animals to the neighbouring states.  They move along 
the borders and enter the neighbouring countries Chad and Central Republic 
of Africa for pasture and water. The contact of animals in communal grazing 
areas of these countries in dry seasons contributes to dissemination of ticks 
and TBDs from southern to northern parts of the state. Ticks and TBDs vary 
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in different ecoclimatic zones extending from desert in the north to the rich 
savanna in the south that are suitable for survival of these parasites. 
Therefore, intensive studies are required to be conducted on tick distribution 
and survival and on TBDs for the purpose of planning control measures of 
these parasites.  
 
Objectives of the study:-  
1.  To determine prevalence of ticks infesting cattle in South Darfour. 
2.  To study seasonal population changes of ticks infesting cattle.   
3. To study prevalence of Ehrlichia ruminantium and bovine theileriosis in 
the area. 
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                   CHAPTER ONE 
 
 
LITERATURE REVIEW 
 
 
1.1. Tick taxonomy:- 
  
       Ticks are obligate ectoparasites classified under the class Arachnida, 
order Acarina, suborder Ixodoidea, families Ixodidae, Argasidae and 
Nutalliellidae which are distributed worldwide and considered as blood 
sucking parasites of vertebrates including amphibians, reptiles, birds and 
mammals (de la Fuente and Kocan, 2006).  
       Family Ixodidae (hard ticks) contains 684 species under many genera, 
which include, Amblyomma (102 species), Aponomma (24 species), 
Boophilus (5 species), Dermacentor (30 species), Haemaphysalis (155 
species), Hyalomma (30 species), Ixodes (235 species), and Rhipicephalus 
(70 species) (Sonenshine, 1991).    Family Argasidae (soft ticks) contains 
183 species under 4 genera.  These are Carios which has no apparent 
importance but Argas, Ornithodoros and Otobius have veterinary and 
medical importance. Family Nuttalliellidae contains one genus with a single 
species Nuttalliella namaqua (Arthur, 1962; Kettle, 1995; Jongejan and 
Uilenberg, 2004).  
 
1.2. Biological classification 
 
Ticks are ectoparasites and their life cycle includes four stages (eggs, 
larvae, nymphs and adults) (Hoogstraal, 1956, Bowman, 1999). During 
their life cycle, the ixodid ticks pass through three phases which are host 
seeking phase, parasitic phase, and developmental phase. Eggs hatch on the 
ground to liberate larvae which ascend vegetation waiting for a passing 
host. On the host, larvae feed to get engorged then detach and drop to the 
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ground and moult to nymphs that seek a new host to attach, feed, drop off 
and moult to adults. Males and females find a new host, attach and get 
engorged while mating takes place.  Males feed but do not increase in size. 
According to the number of hosts during their life cycle, hard ticks are 
divided into three groups:- 
One host ticks:  These ticks complete their life cycle on one host, hence 
larvae attach and moulting from larvae to nymphs and from nymphs to 
adults takes place on the host; then the female drops as engorged e.g. 
Boophilus spp. (Walker et al., 2003). 
Two host ticks:  The first moult (larvae to nymphs) takes place on the host, 
then the nymphs drop off after engorgement and then moult to adults on the 
ground, males and females then seek a second host on which they feed and 
the engorged females drop to lay eggs e.g. Rhipicephalus evertsi evertsi, 
Hyalomma marginatum rufipes (Kettle, 1995).      
 Three host ticks: These ticks need three hosts for each developmental 
stage e.g Amblyomma lepidum, Rhipicephalus appendiculatus (Soulsby, 
1982). 
 
1.3. Tick distribution in the Sudan:- 
In the Sudan, ticks were studied by Hoogstraal (1956). He reported 
that there are 64 tick species under eleven genera infesting variety of 
domestic and wild animals, reptiles and birds.  Distribution of these species 
is governed by climatic variations from desert in the north to rich savanna in 
the southern parts of the country. The predominant tick species in northern 
and central parts are Hyalomma anatolicum anatolicum, while Amblyomma. 
lepidum is the most common tick species in eastern parts of the country 
from Torit and Kapoeta in the south to Kassala in the north (Karrar et al., 
1963; Osman and Hassan, 2003). Karrar et al. (1963) reported that tick 
species that infest domestic animals in Kassala, Eastern Sudan are A. 
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lepidum, H. a. anatolicum, H. a. excavatum, H. dromedarii, H. impeltatum, 
H. m. rufipes, H. truncatum, Rhipicephalus evertsi evertsi, R. sanguineus, R. 
simus and Boophilus decoloratus. Elimam (1999) reported that H. 
impeltatum was the most dominant species in Kosti, White Nile Province 
while Osman et al. (1982) found that the most predominant ticks in 
Kordofan were H. m. rufipes and H. impeltatum.  In Southern Kordofan, 
Sowar (2002) reported that A. lepidum was the most common tick species.  
 In Southern Darfour, ticks reported on cattle were H. truncatum, H. m. 
rufipes, H. impeltatum, B. annulatus, R. sanguineus, R. longus, R. e. evertsi 
and R. simus (Osman et al., 1977; 1978; 1979).  In Southern Sudan, the 
prevalent ticks are A. lepidum, A. variegatum, B. decoloratus, B. annulatus, 
H. m. rufipes, H. truncatum, Haemaphysalis leachii leachii, R. e. evertsi, R. 
simus, R. pravus, R. appendiculatus and R. sanguineus (Morzaria et al., 
1981; Julla, 1994; Korok, 2005).   
 
1.4. Tick ecology:- 
 
 Tick distribution and their population vary according to adaptability to 
ecology, eco-climate, microhabitats, ambient temperature, rainfall and 
relative humidity which are critical factors affecting life cycle of ticks. 
Drop-off rhythms of engorged ticks depend on certain factors such as 
environmental changes, host physiology (Balashov, 1972) and host 
activities (George, 1971). Amin (1970) reported that the maximum drop-off 
of larvae and nymphs of Dermacentor variabilis from albino rats occurred 
at the onset of the greatest host activity.  The drop-off of Amblyomma 
hebraeum was observed in late afternoon to enable ticks avoid desiccation 
(Rechav, 1978).  Similarly, Hassan (1997) found that the maximum drop-
off of R. appendiculatus and A. variegatum occurred between 1400 and 
1800 hrs but no drop-off was observed at night.  Mohamed et al. (2005) 
found that drop off of engorged larvae and females of A. lepidum fed on 
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sheep occurred in the morning between 0600 hrs and 1000 hrs with a peak 
around 0800 hrs. They found that the majority of engorged nymphs dropped 
off in the evening between 1800 hrs and 2400 hrs with a peak around 2200 
hrs.  Dipeolu et al. (1992) pointed out that ticks that become fully engorged 
in the afternoon hours are visible to be easily removed by hands and this is a 
tick control practice among West African farmers. Schulze et al. (2001) 
found that Ixodes scapularis tended to quest earlier and later in the day 
when temperature was low and relative humidity high 
Developmental periods of ticks are governed by ambient 
temperature. Tick development become  negligible below 15oC and ceases 
at 9oC (Branagan, 1973). Ahamed and Galila (1988) discovered that 
developmental stages of H. dromedarii, egg incubation, larva and nymph 
premoulting periods and pre-oviposition periods have negative response to 
decrease in temperature. On the other hand, increased temperature (ambient 
or soil) increases egg production, shortens pre-oviposition periods, and 
increases hatchability. The higher ambient temperature especially during the 
dry seasons causes egg desiccation while oviposition is not affected, but 
pre-oviposition becomes longer during cool and rainy season and pre-
eclosion and moultability are less affected by climate changes (Hassan, 
1997). 
Success of ticks in finding a host depends on their longevity and 
host-seeking behaviour (Sutherst et al., 1978). According to Waladde and 
Rice (1982) host-seeking ticks are divided into hunters and these are 
Amblyomma and Hyalomma spp. or ambushers and these are Rhipicephalus 
and Haemaphysalis spp. The longevity is affected by relative humidity and 
ambient temperature. Increase in higher temperature leads to decrease in 
longevity or death due to heat stress (Utech et al., 1983). In Zambia, 
Pegram and Banda (1990) found that rainfall and relative humidity directly 
influenced survival of ticks, but the effect of temperature was indirect.  
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Hassan (1997) found that ambient temperature was the major factor in 
determining development rates of ticks while humidity was critical for their 
survival. He also reported that survival of A. variegatum was longer in 
shaded habitats and the high humidity was particularly more required for 
survival of ixodid ticks than for argasid ticks. However, Dipeolu (1983) 
concluded that temperature was the most important factor influencing 
activity of A. variegatum, B. decoloratus, B. geigyi, H. m. rufipes and H. 
truncatum on pasture in Nigeria..  
Seasonal population changes and on host behaviour have been 
studied by many researchers. Tatchell and Easton (1986) indicated that the 
occurrence and distribution of R. appendiculatus and A. variegatum in 
Tanzania varied according to climate, vegetation and host density and 
susceptibility and grazing habitats. Kaiser et al. (1991) stated that the onset 
of feeding activity of adult R. appendiculatus and A. variegatum coincided 
with the onset of the wet season. There are other factors influencing tick 
population and distribution besides temperature, humidity, and day time. 
These include husbandry system and resistance of hosts to ticks (Hassan 
and Osman, 2003). However, Punyua et al. (1991) found no significant 
correlation between population changes of ticks and any of the four climatic 
factors, but there was a notable relation between tick population changes 
and local farmers practice.  
During their first 24 hours after attachment to their hosts ticks are 
affected by rapid loss of water due to entering into the relatively raised 
temperature of the host environment which leads to high mortality 
(Branagan, 1974). Females spend few days on host while feeding and then 
drop off immediately after full engorgement, while males stay for longer 
period to fertilize more females which was estimated to be at least six 
weeks for R. appendiculatus (Branagan, 1974). 
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1.5. Economic importance of ticks:- 
          Ticks and TBDs are economically important pathogens, with adverse 
effects on animal production. They cause irritation to animals, damage to 
udder and teats, cause hide and skin degradation and transmit bacterial, 
viral, rickettsial and protozoan diseases (FAO, 1983; Kettle, 1995).  Bram 
(1975) reported that 1600 million of livestock suffer from tick infestation 
throughout the world. The main TBDs of veterinary importance in the 
tropical countries are theileriosis, babesiosis, cowdriosis and anaplasmosis 
(de Vos, 1991). The latter author reported that there are 600 million head of 
cattle that are exposed to babesiosis and anaplasmosis.  Out of these, 200 
million are under risk of theileriosis (de Vos, 1991). Costs of tick control in 
Australia were estimated at US$ 40 million annually (Kettle, 1995). In 
1973, losses in cattle and sheep industries in Australia were estimated to be 
US$ 65 million (Bowman, 1999). In Cameroon, the liveweight losses 
caused by each engorged A. variegatum female were estimated at 55-76g 
(Stachurski et al., 1993) while in Zambia, the difference in liveweight 
between tick – free and tick – infested groups of cattle with A. variegatum 
was 4.95 kg after 16 weeks (Pegram and Oosterwijk, 1990). 
In the Sudan, Latif (1994) estimated the losses due to Theileria 
annulata infection in Khartoum to be about US$ 4-6 million annually. 
Similarly, Gamal and El Hussein (2003) reported 1.5 million Sudanese 
Dinnars were lost including milk loss, heifers and calves losses, retarded 
growth and control management cost due theileriosis. They concluded that 
infection by theileriosis had reduced the expected profitability by 30% 
during the study period. Ticks while feeding cause tick worry, wounds 
which become inflamed or contaminated by bacteria and attract blow flies 
that lead to hide, udder and teat damage.  Teat damage due to tick feeding 
among cattle in Kosti area was found to be 19% for one udder quarter, 3.1% 
for two quarters and 0.4% for three quarters (El Imam, 1999).  Feeding of 
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ticks may cause exsanguination and hence anaemia, as a result of blood 
sucking that was estimated at 1 to 3 ml of blood per every tick completing 
life cycle on animals (Bram and Gray, 1983). 
  
1.6. Tick – borne diseases 
1.6.1. Theileriosis 
Theileriosis is a group of diseases which stand as obstacles in 
animal improvement worldwide particularly in tropical and subtropical 
countries (Hashemi- Fesharki, 1988). Theileria spp. belong to the Phylum 
Apicomplexa, Class Sporozoea, Subclass Piroplasmia, Order Piroplasmida, 
family Theileriidae and genus Theileria (Levine et al., 1980; Soulsby, 
1982). There are many species of Theileria that infect domestic animals 
including T. parva, T. annulata, T. mutans, T. lestoquardi, T. velifera, T. 
sergenti, T. taurotragi and T. orientalis (Kettle, 1995) (Table 1). 
Identification of Theileria species is based on different categories such as 
vector specificity, host specificity and pathogenicity, parasite morphology, 
and serological cross-reaction as well as cross-protection to the other 
species within the genus (Morzaria, 1989). In the Sudan, there are five 
Theileria species (FAO, 1983).  These are T. parva, T. annulata, T. 
lestoquardi, T. ovis, T. mutans and T. velifera. 
 
1.6.1.1. Life cycle of Theileria spp.  
1.6.1.1.1. Life cycle in the vertebrate hosts 
        When Theileria sporozoites (infective stage) are injected into the 
vertebrate with saliva of the infected ticks during feeding, the hosts become 
infected and the schizogony stage starts in the lymph nodes. The 
sporozoites complete maturation in the salivary gland in 4 days to 5 days of 
tick attachment on the vertebrate  (Dolan, 1990; Walker, 1990). These 
sporozoites when injected in the host, enter different white blood cells 
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(leukocytes), according to Theileria species and within 5 to 60 minutes they 
are transformed into trophozoites (Jura et al., 1983).  In the case of T. 
annulata, cell cycle of parasite and host cell are not synchronized leading to 
the formation of multi-nucleated parasites, while in T. parva within these 
cells the trophozoites develop into multinucleated macroschizonts (Koch's 
blue bodies) and induce the host cells to divide in synchrony with the 
parasites (Shiels et al., 1997). The macroschizonts develop further to 
microschizonts and the latter form merozoites which increase in number.  
Thereafter, the lymphocytes rupture liberating the merozoites, which 
penetrate erythrocytes between day 8 to day 10 after infection for T. 
annulata or day 12 to day 14 for T. parva (Melhorn and Schein, 1984) (Fig. 
1). Inside the erythrocytes, the parasite develops into piroplasm stage.  
Their shape inside erythrocytes depends on the Theileria species, which 
appear as rod, comma or round shape. The main pathogenic effects on the 
vertebrate host are during the phase of intralymphocytic schizogony. The 
replication of piroplasms inside the erythrocytes leads to destruction of 
erythrocytes, which cause anaemia and other clinical symptoms (Melhorn 
and Schein, 1984).  
 
1.6.1.1.2. Life cycle in the invertebrate hosts. 
The life cycle in ticks starts when they ingest infected blood. Then, 
sexual reproduction of the parasite starts  with the release of piroplasms in 
the tick midgut (Shein, 1975), resulting in formation of macro and micro-
gametes (Gametogony stage) to form zygotes which is the only diploid 
stage in the parasite life cycle (Gauer et al., 1995). The zygote invades gut 
epithelial cells of the tick and develops into motile kinetes which migrate 
through the haemolymph to the salivary glands where it  
  9
Table 1. The important Theileria spp. of domestic animals (Dolan, 1990) 
Parasite Animal Vector Disease Distribution 
Theileria annulata 
(Dschunkowsky and Luhs,1904). 
 
Theileria camelensis. 
 
Theileria hirci ((Dschunkowsky and 
Urodschevich, 1904). 
 
Theileria mutans (Theiler, 1906). 
 
Theileria orientalis (Yakimoff and 
Soudatschenkoff, 1931). 
 
Theileria parva (Theiler, 1906). 
 
 
 
 
 
 
Theileria taurotragi (Martin and 
Brocklesby, 1960). 
 
 
 
 
Theileria velifera (Uilenberg, 1964). 
Cattle, domestic 
buffalo(Bubalus 
bubalis). 
Camels. 
 
Sheep, goats. 
 
 
Cattle, buffalo 
(Syncerus caffer). 
sheep? 
Cattle. 
 
Cattle, buffalo and 
domestic buffalo 
experimentally. 
 
 
 
 
Cattle and other 
Bovidae.  
 
 
 
 
Cattle and buffalo. 
Hyalomma spp. 
 
 
Unknown 
 
Hyalomma spp. 
 
 
Amlyomma spp. 
 
Haemaphysalis spp, 
Amblyomma spp in 
Africa. 
Rhipicephalus 
appendiculatus, R. 
zambezienesis 
 
 
 
 
 
Rhipicephalus spp. 
 
 
 
 
Amblyomma spp. 
Tropical or 
Mediterranean 
Theileriosis. 
Unknown 
 
Malignant theileriosis of 
sheep and goats. 
 
Benign theileriosis. 
 
 
 
East Coast fever 
(Theileria p. parva 
infection) 
Corridor disease (T. p. 
lawrencei infection) 
Rodesian theileriosis (T. 
p. bovis infection). 
 
North Africa, Southern Europe, 
Middle East, India and Southern 
former.  
Africa and parts of the former. 
 
North Africa, Southern-Eastern 
Europe, Near and middle east and 
southern former. 
Sub-Sahara Africa and possibly 
the Caribbean. 
 
 
 
East and Central Africa. 
 
 
 
 
  
  
  
Africa. 
 
 
 
Sub-Saharan Africa and the 
Caribbean.  
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transforms into sporoblasts. Then, the parasite develops during or 
after tick moulting in the salivary glands and a large number of the 
infective stages (sporozoites) are formed.  These are injected into the 
host with the saliva during tick feeding to begin the schizogony stage 
in the vertebrate host. 
 
1.6.1.2. East Coast fever (ECF) 
      East Coast fever due to Theileria parva infection is considered 
as the most economically important tick-borne disease in Eastern, 
Central, and South African countries. T. parva is efficiently 
transmitted by R. appendiculatus and R. zambieziensis (Uilenberg, 
1983; Ochanda et al., 1996). This disease and the vector R. 
appendiculatus were reported in the Sudan for first time in 1950 in 
Kajo kaji and Yei River (Hoogstraal, 1956). Later, Morzaria et al. 
(1981) confirmed the presence of East Coast fever in Chukudum and 
Aswa River area in Eastern Equatoria. Thereafter, outbreaks were 
recorded with 80 to 100% mortality in Palotaka area bordering 
Uganda (Julla, 1985, 2003). 
 
1.6.1.3. Tropical theileriosis  
          Theileria annulata causing tropical theileriosis is another 
important disease of cattle and water buffalo (de Kok et al., 1993). T. 
annulata is transmitted by H. a. anatolicum, H. detritum and H. 
dromedarii (Samish and Pipano, 1978; Flach et al., 1995), and 
experimentally by H. m. rufipes (Umel Hassan et al., 1983).  Tropical 
theileriosis is distributed in a wide geographical belt extending 
through the tropical and sub- tropical regions from Portugal,  to 
Morocco in the west and from Mediterranean Coast of Europe to 
North Africa southwards into the Sudan and Eritrea. It also extends 
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into Southern Russia and Siberria to Indian Subcontinent and China 
and Far East  (Purnell, 1978; Dolan, 1990). 
 Theileria annulata has been reported in the Sudan for the first time 
by Weynon (1908 cited in Osman, 1989). Several reports were 
recorded by many researchers in the Sudan (Latif and Shawgi, 1982; 
Walker et al; 1983; Hassan, 1987.; Salih, 2003). Other Theileria 
species such as T. lestoquardi (causative agent of Malignant Ovine 
Theileriosis) and T. ovis (causes ovine benign Theileriosis) were 
reported in the Sudan (Mohamed and Salih, 2003). 
 
1.6.1.4 The main symptoms of theileriosis 
Incubation period of theileriosis is about two weeks, but 
ranges between 8 to 31 days (Gill et al., 1977). Severity of the disease 
depends on susceptibility of the animal, virulence of the parasite and 
intensity of infection (piroplasm). The common clinical symptoms 
are fever, swelling of the superficial lymph nodes, accelerated 
respiration rate and pulse, anorexia, constipation which may be 
followed by diarrhoea, anaemia, icterus and death (d’Oliveira, 1997). 
The main postmortem features are lung oedema, enlargement of 
spleen and liver, swollen gall bladder and urinary bladder, and 
abomasal ulcers with necrotic centres (Uilenberg, 1981; Irvin and 
Mwamachi, 1983; Bakheit, 1998; El Imam, 1999). 
 
1.6.2. Babesiosis:- 
 Babesia spp. are haemoparasites that infect a wide variety 
of vertebrates including domestic and wild animals (Soulsby, 1982). 
There are many Babesia species that have been described from nine 
orders of mammals.  Thirty two species were found in rodents, 26 in 
carnivores and 21 in ruminants (Kettle, 1995).  Some of these species 
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cause diseases in animals and humans in Australia, South America, 
Europe, Asia and Africa (Bram and Gray, 1983; Jorgensen, 1991; 
Smyth, 1994). Genera of ticks that transmit Babesia species are 
Boophilus, Dermacentor, Haemaphysalis, Ixodes, and Rhipicephalus.  
Transmission is mainly transovarian and could be trans-stadial 
(Callow, 1983). In Britain and Russia, B. bovis is transmitted by I. 
ricinus, while in North Russia the vector is I. persculeartus, B. 
annulatus, B. decoloratus, and B. microplus.  B. bigemina which 
occurs in warmer climate is transmitted by B. annulatus, B. microplus 
in North America and Australia.  In Africa, the vectors are B. 
annulatus, B. decoloratus, R. appendiculatus, and R. e. evertsi 
(Arthur, 1962). These two species are the most economically 
important Babesia spp. infecting cattle in addition to B. divergens and 
Babesia occulatus (de Vos, 1991). In the Sudan, two important 
bovine Babesia species have been reported. These are B. bovis which 
is mainly transmitted by B. annulatus and B. bigemina which is 
transmitted by B. annulatus and B. decoloratus (Abdalla, 1984; 
Mohammed and Yagoub, 1990). Other Babesia species are B. caballi 
and B. equi (Theileria equi) of equines, B. ovis, B. motasi and B. 
trautmanni of sheep and goats. The canine Babesia spp. are B. canis 
and B. gibsoni, and feline babeiosis is caused by B. felis (Uilenberg, 
2006). B. microti and B. divergens are incriminated in human 
babesiosis (Leefang, 1978; Smyth, 1994) (Table. 2). According to the 
size, Babesia species are divided into two groups, large size that 
includes B. bigemina, B. major, B. caballi, B. motasi, B. canis, and B. 
trautmanni and small size that includes B. bovis, B. ovis, B. 
divergens, B. equi, B. gibsoni, B. felis, and B. peroncitoi (Mahoney 
and Mirre, 1977).  
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Table (2). The important Babesia spp. of animals  (Uilenberg, 2006). 
Species Domestic host Vector genus Distribution 
Babesia 
bigemina  
 
B. bovis 
 
 
B. divergens 
 
B. major 
 
B. occultans 
 
B. beliceri  
 
 B. ovata 
 
B. orientalis 
 
B. crassa 
 
 B. motasi 
  
B. ovis 
 
B. caballi 
 
 
B. trautmanni 
 
B. canis 
 
B. rossi  
 
B. gibsoni 
 
B. felis                   
Cattle, buffalo 
 
 
Cattle, buffalo 
 
 
Cattle 
 
Cattle 
 
Cattle 
 
Cattle 
 
Cattle 
 
Buffalo 
 
Sheep, goats 
 
Sheep, goats 
 
Sheep, goats 
 
Horse, donkey, 
mule 
 
Pig 
 
Dog, cat? 
 
Dog 
 
Dog 
 
Dog, Cat 
Boophilus, 
Rhipicephalus 
 
Boophilus, 
Rhipicephalus 
 
Ixodes 
 
Haemaphysalis 
 
Hyalomma 
 
Hyalomma 
  
 Haemaphysalis 
 
Rhipicephalus 
 
unknown 
 
Haemaphysalis 
 
 Haemaphysalis 
 
Dermacentor, 
Hyalomma, 
 
Rhipicephalus 
  
Dermacentor 
 
Haemaphysalis 
 
Haemaphysalis 
 
 Rhipicephalus           
Africa, Asia, America, 
Australia , Europe 
 
Africa, Asia, America, 
Australia, Europe 
 
Europe 
 
Europe 
 
Africa 
 
Russia 
 
Asia 
 
Asia 
 
Asia 
 
Africa, Asia, Europe 
 
Africa, Asia, Europe 
 
Africa, America, Asia, 
Europe 
 
Africa, Europe 
 
Europe 
 
Africa 
 
Africa, America, Asia, 
Europe 
Africa, Europe? 
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1.6.2.1. Life cycle of Babesia spp.   
1.6.2.1.1. Life cycle in the invertebrate hosts 
 Ticks get infected by Babesia spp. while feeding on an infected 
animal through ingested blood that contains many piroplasms. The 
parasites are released in the midgut, where sexual cycle develops by 
formation of isogametes which produce ookinetes. The ookinetes 
glide around the inner surface of the gut epithelium, and migrate 
through the haemocoel to the ovaries and enter  developing ova. Here 
no further development of vermicules takes place until they reach 
salivary glands of the developing larvae. In the salivaey glands, the 
vermicules develop to become sporoziotes which are injected with 
the saliva into the host (Rick, 1964) (Fig. 2). The infective stage 
depends on  moulting from larval to nymphal stage of the tick and the 
presence of vermicules in the salivary glands of ticks (Soulsby, 
1982). 
 
1.6.2.1.2. Life cycle in the vertebrate hosts 
    The parasites are injected into the host with saliva of infected ticks 
during feeding then multiplication occurs in the erythrocytes by 
schizogony to form two, four or more trophozoites. These are 
released and invade other erythrocytes. This process is repeated until 
a high percentage of red blood cells are infected. The erythrocytic 
forms are readily transmissible by mechanical means or by vectors to 
other animals (Soulsby, 1982) (Fig. 2). 
 
1.6.2.2. The main symptoms of babesiosis 
       Clinical signs of babesiosis are fever, anaemia, jaundice, 
haemoglobinuria, nervous symptoms and involuntary movement of 
legs. Postmortem findings include icterus and enlargement of liver 
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and spleen, distended gall-bladder, fluid in pericardial sac and sub-
endocardial petechial haemorrhages.  Lungs may be oedematous, and 
abomasal and intestinal mucosae may be with petechial 
haemorrhages (Mohony, 1977; Abdallah, 1984). 
 
1.6.3. Anaplasmosis 
 Anaplasma spp. are blood rickettsiae of cattle, sheep and goats 
that invade red blood cells (Amerault and Roby, 1983). The most 
pathogenic species is A. marginale in cattle which is widely 
distributed in tropical, subtropical and temperate zones (Uilenberg, 
1983).  The other nonpathogenic species is A. centrale which is found 
in South Africa. Anaplasmosis can be transmitted by twenty species 
of ticks (Bram and Gray, 1983), but Boophilus species are the most 
efficient vectors (Blood and Radostits, 1990). They transmit the 
disease trans-stadially and transovarially while biting flies (Tabanids, 
Stomoxys) play an important role in mechanical transmission besides 
surgical instruments and injection needles (Callow 1983; Uilenberg, 
1983).  In the Sudan, Suliman and Elmalik (2003) reported on the 
prevalence of Anaplasma spp. infections in Khartoum State using 
IFA test. Out of  147 samples 17 were positive for the infection.  
Treatment is achieved by using long-acting tetracyclines and 
imidocarbs. An attenuated vaccine of A. centrale was used to control 
the disease in Australia, Bolivia, Colombia and Argentina 
(Montenegro-James, 1991). 
 
1.6.4. Ehrlichiosis (Heartwater)    
           Heartwater due to Ehrlichia ruminantium infection, which 
belongs to the rickettsial group, is the second most devastating 
disease of livestock after East Coast fever (Walker and Olwage, 
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1987). E. ruminantium causes economic losses in cattle, sheep, goats 
and wild ruminants. The latter act as reservoirs and play an important 
role in the epidemiology   of heartwater (Camus et al., 1996; Peter et 
al., 2002). The disease is characterized by fever, nervous signs, 
hydrothorax and hydropericardium (Uilenberg, 1983). It is 
transmitted by Amblyomma spp. (Ilemobade, 1991; Mahan et al., 
1991), A. variegatum being the most efficient vector in many 
countries of Africa south of Sahara, Madagascar and the Caribbean 
Islands (Uilenberg, 1983; Mahan et al., 1992; Deem, 1998).  In East 
Africa including the Sudan, the vector is A. lepidum while in South 
Africa it is A. hebraeum. The main vector in Eastern Sudan is A. 
lepidum (Karrar, 1960), while A. variegatum is reported to be a 
vector in South Darfour (Musa et al., 1996; Abdel Wahab et al., 
1998). Amblyomma species transmit E. ruminantium transtadially by 
infected nymphs or adults (Andrew and Norval, 1989). Transovarial 
transmission is only reported under laboratory conditions (Beziudeuot 
and Jacobsz, 1986).   
      In the Sudan, the disease was recorded for the first time in sheep 
and goats in Kassala Province by Karrar (1960), in Kosti by Karrar 
(1966) and at Umbenin  by Jongejan et al. (1984). Musa et al. (1996) 
and Abdel Wahab et al. (1998) reported heartwater among cattle in 
South Darfour. Abdelrahman et al. (2003) carried out a serological 
survey using indirect MAP1-B ELISA to detect E. ruminantium 
antibodies in sheep sera in Eastern Sudan (Kassala and Gadarif) and 
determined an overall prevalence rate of 86.4%. Similarly, Mohamed 
(2004) tested sera of sheep in Sennar State and found a prevalence 
rate of 76.6%.   
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1.6.4.1. Life cycle of E. ruminantium 
1.6.4.1.1. Life cycle in the invertebrate hosts 
 Larvae or nymphs become infected during feeding on infected 
domestic or wild ruminants when E. ruminantium is circulating in the 
blood stream of the host (Peteny et al., 1987). The development of 
the organism in the tick is poorly understood. It is thought that initial 
replication of the organism begins in the intestinal epithelial cells of 
the tick and salivary glands acini become infected (Beziudenhout, 
1987; Prozesky and du Plesis, 1987). The most important route of 
transmission is regurgitation while salivary secretion is injected into 
the host during tick feeding. Suspensions of the salivary glands of 
infected ticks often produce heartwater in target animals, sometimes 
even more successfully than injection of intestinal suspensions 
(Camus et al., 1996).   
 
1.6.4.1.2. Life cycle in the vertebrate hosts 
 The vertebrate host is infected during feeding of infected ticks, 
which results in transform of the organism into blood of the host, 
where a new development cycle takes places (Kocan and 
Beziudenhout, 1987). The organism initially replicates in 
reticuloendothelial cells and macrophages in the regional lymph 
nodes, and released into the blood via the lymph stream, where 
endothelial cells are infected (du Plessis, 1970).  Jongejan et al. 
(1991) described this life cycle as Chlamydia like development in 
endothelial cells. The cycle starts with entry of elementary body (the 
infectious stage of the organism) into the intra-cytoplasm vacuole of 
endothelial cells. The elementary body divides to produce a large 
colony containing the reticulated bodies after 5 to 6 days of infection.  
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Thereafter, large numbers of elementary bodies are released due to 
rupture of endothelial cells to initiate a new infection cycle.  
 
1.6.4. 2. The main symptoms of heartwater 
 Incubation period of heartwater is affected by many factors such 
as animal species, route of infection, virulence of the organism, and 
amount of infective materials administered (Uilenberg, 1983; Camus 
et al., 1996). Symptoms of heartwater in the peracute form are 
usually seen in Africa in non-native breeds of cattle, sheep, and goats 
introduced to heartwater endemic area. The affected animals die 
within a few hours after initial fever with or without clinical signs 
(Uilenberg, 1983; Camus et al., 1996). In the acute form, the clinical 
signs are fever, nervous signs, respiratory distress, chewing, 
movement incoordination, twitching of eyelids, stepping of gait, and 
galloping movement and recumbancy (Jongejan et al., 1984; Camus 
et al., 1996). The postmortem lesions are hydrothorax and 
hydropericardium, froth in bronchi, congested and oedematous lung, 
oedema of mediastinum, congested and oedematous brain, 
enlargement of spleen and mesenteric lymph nodes and pericardial 
fluid (Jongejan et al., 1984;  Yunker, 1996).   
 
1.6.5. Other tick-borne diseases  
  There are other diseases associated with ticks such as bovine 
farcy, dermatophilosis, paralysis in human and animals and sweating 
sickness in cattle. Dermatophilosis is an acute, subacute, or chronic 
disease that affects a wide range of animal species in tropical and 
subtropical countries (Zaria, 1993). It is caused by Dermatophilus 
congolensis predisposed by A. variegatum feeding (Latif and Walker, 
2004). Sweating sickness occurs during the hot-wet season with 
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heavy rainfull characterized by moist eczema.  It affects cattle and 
transmitted by H. truncatum (Dolan and Newson, 1980). Tick 
paralysis in animals and human occurs as a result of tick toxins 
secreted through saliva during feeding on animals.  Tick species that 
may cause paralysis include R. e.  evertsi, Ixodes rubicundus and 
Haemaphysalis punctata (Blood and Radostits, 1990). 
 
1.7. Medical importance of ticks: 
 Ticks transmit variety of pathogens to man such as Lyme disease, 
babesiosis, Rocky Mountain Spotted fever etc (Walker et al., 2003). 
While they are feeding, they cause local irritation, allergy, blood loss, 
cutaneous wounds and disease transmission (Walker, 1998). 
Kjemtrup and Conrad (2000) reported that Babesia microti is the 
cause of human babesiosis in USA, while B. divergens is 
incriminated in human babesiosis in Europe and is transmitted by 
Ixodes ricinus. Hunfeld et al. (2002) and Leiby (2006) also described 
Babesia divergens and B. microti in America as vectors of human 
babesiosis. Crimean-Congo haemorrhagic fever is transmitted by H. 
a. anatolicum and H. marginatum (Estrada- Pena and Jongejan, 
1999). In Europe, Krech, (2002) reported that tick borne encephalitis 
virus is transmitted by Haemaphysalis punctata and Ixodes spp. 
Rickettsia of human, Rickettsia coronii in Uruguay is transmitted by 
Amblyomma maculatum and Hyalomma marginatum (Conti et al., 
2000). In the Sudan, Sulieman et al. (1998) reported human 
babesiosis in Sennar and found about 20 (14.5%)  out of 137 of 
examined patients were suffering from the disease. Sulieman (2004) 
also claimed that there were 23 (11.6%) out of 198 human samples 
were positive for human babesiosis in Khartoum State. However, the 
latter two reports were inconclusive and controversial. 
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1.8. Laboratory diagnosis of haemoparasites TBDs 
1.8.1. Conventional methods 
 Tick- borne diseases (TBDs) diagnosis is based on clinical 
symptoms and morphological examination in blood films, which are 
only reliable for detection of acute cases (Leemans et al., 1997; Kivar 
et al., 1998).  TBDs can be diagnosed by Giemsa’s stained lymph 
node biopsy, blood smears, and brain crushed smears and postmortem 
organs impression smears (Norval et al., 1992; OIE, 2000). It is the 
most accurate and reliable method, but not sensitive. 
 
1.8. 2. Serological diagnosis 
 This method depends on antigens and antibodies reaction. 
Antibodies against TBDs can be detected by different serological 
tests such as indirect haemagglutination (IHA) test, capillary 
agglutination (CA) test, complement fixation (CF) test, and indirect 
fluorescent antibody (IFA) test.  The latter has been widely used in 
different countries in Africa including the Sudan (Gautam, 1978; 
FAO, 1983; Salih, 2003), but the specificity of this test is in some 
cases limited due to cross reaction among different species of 
parasites. 
 Enzyme linked immunosorbent assay (ELISA) has been 
developed for detection of specific parasite antibodies, antigens and 
immune complexes (Dolan, 1990; Kachani et al., 1992). The test is 
easy to perform, can diagnose a large number of samples in a short 
time and it is less laborious. ELISA has been applied for 
serodiagnosis of blood parasites such as T. annulata (Kachani et al., 
1992) and T. parva (Gray et al., 1980). Two different antigens have 
been used, schizont antigen which functions well (Manuja et al., 
2000), and  piroplasms lysate. Later, other ELISAs based on 
  21
recombinant proteins have been developed to detect T. annulata.  
These include the sporozoite protein antigens (SPAG-1) (Boulter et 
al., 1998), merozoite surface antigens (Tams-1) (Ilhan et al., 1998), 
and T. annulata surface antigens (TaSP) (Schnittger et al., 2002). In 
E. ruminantium diagnosis, two ELISAs have been used, the indirect 
ELISA protocol using crude antigen MAP-1B, with high specificity 
(Martinez et al., 1993; Mboloi and Jongejan, 1999). The second one 
is competitive ELISA (cELISA) using MAP-1 gene cloned in the 
Baculovirus and monoclonal antibodies (Jongejan et al., 1991a). 
Later, polyclonal ELISA (pcELISA) improved sensitivity and 
specificity compared with competitive crude antigen based on 
indirect ELISA (Sumption et al., 2003). 
 
1.8.3. Molecular techniques:- 
 New methods have been developed to detect parasites using  
molecular biology technigues which are provided in veterinary 
diagnosis (Zarlenga and Higgins, 2000).  These techniques now 
routinely are used for detection of blood parasites (Allsopp et al., 
1993). The polymerase chain reaction (PCR) could detect parasites at 
0.000001% parasitaemia, allows direct, specific and sensitive 
detection of parasite and differentiation of different piroplasms 
infecting animals (Schnitteger, 2004). PCR has been used in 
diagnosis of several Theileria species e.g T. parva (Bishop et al., 
1992; Ogden, 2003), T. sergenti (Jenog et al., 2003) and T. annulata 
(Ali, 2005) using the 30-KD major merozoites surface antigen of T. 
annulata (Tams-1). Other blood parasites that have been detected 
using PCR are Babesia bovis (Wanger et al., 1992), Anaplasma spp. 
(Stich et al., 1991) and E. ruminantium (Anderson et al., 1992; Peter 
et al., 1995). In addition, PCR is used to detect parasites in ticks after 
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extraction of DNA, such as Anaplasma marginale in Dermacentor 
andersoni (Stich et al., 1993), and E. ruminantium in Amblyomma 
spp. (Peter et al., 1995; Abdelrahman, 2006).  
 Reverse line blot (RLB) was developed to diagnose all Theileria 
and Babesia spp. that infect cattle in tropical and sub-tropical 
countries (Gubbel et al., 1999). The test depends on detection of the 
differences in the hypervariable (V4) region of 18s ribosomal RNA 
(rRNA) genes by PCR. These methods have been developed to allow 
detection of multi- parasite species detection in one assay (Gubbel et 
al., 1999). 
 
1.9. Tick control 
 Control strategies of ticks depend on ecology, biology and 
epidemiology of ticks and TBDs. It aims at reducing ticks’ population 
and infestation levels on animals and to prevent transmission of 
diseases. Control of ticks and TBDs has started since the early 
twentieth century. Some countries succeeded in control programmes 
such as USA and parts of Argentina (FAO, 1984).  However, other 
countries have failed especially in Africa due to lack of financial 
resources, presence and density of host and eco-climatic factors 
(FAO, 1984). Ticks can be controlled by using a combination of more 
than one method such as chemical acaricides, pasture spelling, natural 
enemies and diseases control by treatment of infected animals (Latif 
and Walker, 2004).  
 
1.9.1. Chemical acaricides 
This method is widely used for control of ticks and prevention of 
TBDs (Jongejan and uilenberg, 1994).  It is applied in different ways 
depending on the country tick control policy. Dip vats are used for 
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immersion of cattle in dip vats, but frequency of dipping varies 
according to species of ticks and their density, whereas hand spraying 
is used for individual animals (FAO, 1984). There are other methods 
of acaricide application which include acaricide impregnated ears 
tags, tail bands, leg bands, neck bands (Drummond, 1983.; FAO, 
1984) and acaricide boluses (Miller et al., 2001).  However, these 
chemicals are toxic to both human and animals, very expensive, leave 
residues in milk and meat and contaminate environment. Moreover, 
resistance of ticks to these chemicals develops due to long term and 
indiscriminate use (Bengnet et al., 1998). A number of tick species 
have developed resistance to some acaricides (FAO 1983, 2004). In 
Australia, B. microplus developed resistance to D.D.T (Kettle, 1995). 
In the Sudan, Mohamed (2002) detected development of resistance to 
Cepromethrine in R. sanguineus sanguineus.   
 
1.9.2. Host resistance 
Resistance of animals to tick infestation varies according to 
animal breeds and number of external factors especially season, 
nutrition status and stress (de Castro and Newson, 1993). Use of 
resistant animals is an alternative to acaricide control (Latif et al., 
1991a). Animals can be classified either as high resistant and these  
are infested by few ticks or of low resistant which carry higher tick 
numbers (Latif and Pegram, 1992). Latif et al. (1991a) studied the 
highly resistant cattle compared with low resistant and found that the 
highly resistant cattle were infested by the least successful 
attachments and the number fed to maturity was lower than on the 
low resistant. In Africa, zebu cattle (Bos indicus) are classified as 
having higher resistance than B. taurus (Kaiser et al., 1982; Rechav 
et al., 1990). Dolan (1986) reported that resistant animals to one 
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species or one stage of the life cycle of a particular tick can be 
expected to be resistant to other species. Latif et al. (1991c) stated 
that survival of R. appendiculatus female on zebu cattle in Western 
Kenya was 10% on high resistance cattle, 11 – 40% on low resistant 
and above 41% on cattle of very low resistance. Similary, Solomon 
and Kaaya (1996, 1998) reported that zebu cattle have high resistance 
to ticks, whereas crossbred (Boran X Friesian) have low resistance. 
They found that 63.5% of ticks collected were from the crossbred, 
26.2% from Boran while Arssi type carried only 10.3%. In the Sudan 
crossbred B. taurus X B. indicus carried 4.5 times more ticks, than B. 
indicus (Kenana and Butana) (Latif, 1984). He also found that ticks 
fully engorging on crossbred cattle weighed 422.0 mg, while those 
feeding on Kenana and Butana weighed 374.8 mg. The inclusion of 
tick- resistance through breeding programme will increase the 
average resistance of cattle within a herd, which can be used for tick 
control (Jonsson et al., 2000b).       
 
1.9.3. Biological control  
Natural enemies are used in tick control within an integrated tick 
control management. These enemies are predators, parasitoids or 
pathogens. The use of predators has been described by many workers. 
Hassan et al. (1991, 1992) reported that domestic chickens play an 
important role as natural tick predators in free management system. 
Other predators are red-billed and yellow-billed oxpeckers (Buphagus 
erythrorhyncus) in which ticks constitute the main food components 
(Norval et al., 1991a). Similary, cattle egrets (Ardeola ibis  ibis), 
guinea fowl (Numila meleagris), and lilac breasted roller (Coracia 
caudate) have been reported as predators (Petney and Kok, 1993). 
Opportunistic predators which include spiders, rodents, toads, ants, 
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lizards, shrews and snakes have been described (Mwangi et al., 1991; 
Hassan, 2003). 
 Parasitoids such as Ixodiphagus hookeri a wasp that lays its eggs 
in nymphs of A. variegatum have been studied in biological control 
of ticks.   Reduced tick infestation of about 95% on cattle in Western 
Kenya was reported by Mwangi et al. (1997). Kaaya et al. (1996) 
found out that the bacterial pathogen, Rickettsia prowazeki was fatal 
to some Dermacentor spp., but had no effect on H. dromedarii and H. 
a. excavatum. Samish and Rehacek (1999) reported that protozoa 
such as Nosema ixodis, Nosema parkeri and Nosema slovaca were 
discovered from ticks, but only N. slovaca was found pathogenic to 
ticks. Fungicides such as Metarhizium anisopliae and Beauveria 
bassiana (Kaaya and Hassan, 2000; Perry, 2005) were found to be 
pathogenic to ticks. 
  Pheromones are chemicals released by animals and influence the 
behaviour of other individuals of the same species (Karlson and 
Luscher, 1959). There are three types of pheromones which are 
aggregation-attachment pheromones which attract ticks to the feeding 
individual, while attractant sex pheromones are produced by fed 
females of hard ticks to attract males, and there are other various 
ungrouped pheromones (Leahy et al., 1973.; Wood et al., 1975.; 
Gothe, 1987). Pheromones are used in tick control as mixture with 
other components (Norval et al., 1991; Norval et al., 1994).  A. 
variegatum males appeared after three days of feeding on the host 
and reached high value after about six days when attraction 
aggregation–attachment pheromone (AAAP) components (ortho-
nitrophenol) and methyl salicylate were applied (Diehl et al., 1991). 
Barrê and Davis (1992) studied the effect of aggregation fixation 
pheromones and pyrethroids and flumethrine acaricides to attract A. 
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variegatum on cattle; the result was decreased in number of ticks. 
Similar trials were carried out by Norval et al. (1996) who used three 
different acaricides with AAAP against A. hebraeum.  They 
concluded that the potential of pheromones on tick control was 
promising. Maranga et al. (2003) found that synthetic pheromones 
were attractive to adult A. variegatum while CO2 improved attraction 
of A. variegatum to AAAP.   
 
1.9.4. Ecologically based strategies for tick control  
 Ecology plays an important role in tick control and eradication 
programmes (Estrada-Pena, 2003). The aim of this method is to 
minimize success of parasite in finding a passing host, and to 
interfere with development of engorged ticks. Burning of pasture, 
bushes, grasses, cultivation of grazing areas, use of mixed farming, 
removal of manure, pasture spelling, and sealing off cracks and 
crevices in animal enclosures largely reduce host tick contact and 
contribute in control of ticks (ElGhali, 1992; Hassan, 2003). Pasture 
spelling was used in tick control in Australia (FAO, 1984), but this 
method is not applicable in Africa where there are three - host tick 
species which might have other hosts to feed on, beside that longevity 
of unfed adult ticks in pasture might be for two years or more (Young 
et al., 1983).   
 
1.9.5. Chemotherapeutical control 
 Antibiotics such as sulphanomides, short and long acting 
tetracyclines, imidocarb and gloxazone are employed in treatment of 
TBDs (FAO, 1984). Tetracyclines and sulphanomides are effective 
against E. ruminantium, Anaplasma spp. and Theileria spp. when 
administered early in the infection. Parvaquone and buparvaquone are 
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used as drugs of choice for theileriosis (El Hussein et al., 1993; 
Muraguri et al., 1999). There are many medicines used in treatment 
against Babesia spp. for example Imidocarb, Trypan Blue which are 
more effective against B. bigemina and Dimianzen aceturate (Berenil) 
which is widely used against Babesia spp. (FAO, 1984). 
 
1.10. Vaccination against ticks and TBDs 
 Vaccination plays a vital role in prevention, control and reducing 
variety of livestock TBDs. Vaccination against ticks was carried out 
60 years ago (Willadsen and Jongejan, 1999) by utilizing different 
tick tissues such as salivary gland extracts, whole tick body extracts 
(Tellam et al., 1992; Ghosh et al., 1999; Das et al., 2000) and 
nymphal extracts (de Haan and Jongejan, 1990). Two proteins 
“exposed” antigens have been identified which are secreted in tick 
saliva during attachment and feeding on the host (Mulenga et al., 
2000). These antigens are proteins and polypeptides synthesized in 
salivary glands which present them to lymphocytes priming cells or 
antibodies secreting cells (Wikel, 1981). Other proteins which can not 
be recognized by host immune system are named “concealed” 
antigens (Willadsen and Kemp, 1988; Tellam et al., 1992; Trimnell et 
al., 2002). The first effective concealed antigen vaccine was 
developed against Boophilus spp. (Jonsson et al., 2000a).  It is 
commercially available in Australia as Tick GARD plus and GAVAC 
in Cuba.  This vaccine was isolated as hidden antigenic polypeptides 
from tick midgut known as Bm86 which is a membrane-bound 
glycoprotein (Gough and Kemp, 1993). This vaccine has been 
successfully used to control ticks in many countries. In Australia, 
Tick GARD plus vaccine against B. microplus caused high mortality, 
reduction in engorgement weights and eggs production and led to 
  28
decrease in tick population (Jongejan and Uilenberg, 1994). GAVAC 
has been employed in Cuba, Brazil, and Mexico where the vaccine 
showed 55% to 100% efficacy in control of B. microplus in grazing 
cattle (Redondo et al., 1999). Bm86 vaccine has a significant level of 
cross-protection among other Boophilus spp. especially with B. 
annulatus giving an efficacy of about 99.9% (de La Fuente et al., 
1999), and a good level of protection against H. a. anatolicum and H. 
dromedarii (Sulimann, 2005). Recently, vaccination with a vaccine 
combining both exposed and concealed antigens has been used.  The 
result was a broad-spectrum effectiveness against both adults and 
immature stages of a wide variety of tick species that showed 
transmission blocking and protective activity against TBDs (Nuttall 
et al., 2006).  
Immunization of cattle against T. annulata and T. parva by 
(inoculating) animals with ground up tick suppertants and treating 
them at the same time with long–acting oxytetracyclines (Pipano, 
1981), or buparvaquone (Wilkie et al., 1998) was tried. Pipano 
(1989) reviewed development and production of T. annulata vaccines 
and its evaluation in the laboratory using live infected tick or with 
sporozoite derived from macerated ticks.  The result ranged from no 
clinical response (Ouheli et al., 1989), through mild transient clinical 
reactions with low parasitaemia to death from acute theileriosis 
(Adalar et al., 1993).  A cell culture vaccine for tropical theileriosis 
was first established in Israel (Pipano and Tsur, 1966) and was later 
successfully applied in many countries such as Iran (Hashemi-
Freshaki, 1998), Spain (Viseras et al., 1997), China (Zhang, 1997), 
Morocco (Ouheli et al., 1997) and Turkey (Sayin et al., 1997).  
Schizont cell culture vaccine provided immunity against T. annulata 
for at least 6 months (Beniwal et al., 2000; Khatrie et al., 2001). 
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 Susceptible animals to E. ruminantium were immunized by 
infection and treatment method, which based on inoculation of  
infectious blood from reacting animals, followed by tetracycline 
treatment (Amstel and Oberem, 1987; Du Plessis and Malan, 1987). 
The inactivated vaccine of cell culture organism used for heartwater 
in sheep, goats and cattle gave protective effects (Mahan et al., 2001). 
Kocan et al. (2001) reported that an antigen harvested from infected 
bovine erythrocytes was used as a killed vaccine for control of 
anaplasmosis in USA. 
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CHAPTER TWO 
MATERIALS AND METHODS  
 
2.1. Description of the study area 
 South Darfour State is situated in the western part of the Sudan bordered 
by West Kordofan to the east, West Darfour to west, North Darfour in the 
north, and Bahr Alghazal States in the south. It shares international borders 
with Republic of Central Africa and Chad.   The State is divided into nine 
municipalities.  These are Shearia, Eldean, Adeila, Buram, Tulus, Edd 
Alferrsan, Reheid Alberdi and Kass.  Nyala town is the capital of state (Map 
1). 
 Climate varies from low rainfall savannah (300-800 mm) in the northern 
parts to the clay high rainfall; wood land savannah (400-1300 mm) in the 
southern parts where the lowland is covered with broad leaves wooded 
savanna trees and grass (Map 2). In summer (March-June) the climate is dry 
and hot, while in autumn (July- October) it is wet and cold. During winter 
(November - February), the climate is cool. The ambient temperature in 
northern parts varies from 35oC down to 10oC and in southern parts from 
40.7oC down to 15.9oC (Mohammed, 1999 cited in Suliman, 2003).  
 The northern part of the state is always affected by overgrazing in the 
rainy season due to high density of livestock. The main tress are Khaya 
senegalensis (Mohogany), Anogeissus leiocarpus (Sahab), Combreffum spp. 
(Habil), Ficus spp. (Gumez), Kigelia africana (Umshutour), Diospyros 
mespiliformis (Jokhan), Scleocarya bivea (Hemmeid), Aristida spp. (Guw), 
Eragrostis spp. (Bannu), and  Andropogon spp. (Aburakhees) (Musa, 2003; 
Suliman, 2003).   Other main plants and shrubs are Cenchrus biforus 
(Haskaneet), Blepharis linarifolia (Elbegeil), Dactyloctenium aegyptium 
(Abuasabi), Andropogon spp. 
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Map (1) Localities from where ticks and somples for tick- borne diseases were 
collected  and only samples for TBDs were collected. in South   Darfur 
during 2004 – 2005 (Modified from Web site. UN Office)   
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             Map (2) Annual rainfall average in South Darfur State (Web site: Almassar) 
 
 
 
 
 
 
 
 
 
 
 
N
 33
 (Aburakhees), Zorina glachidiata (Abulesseeg), Acacia mellifera (Keitir), 
Acacia senegal (Hashab), Acacia seyal (Taleh), Acacia nilotica (Garad), 
Acacia nubiea (Laut), Albizia amara (Arad), Echinochloa clnum (Differa), 
Tamarindus indica (Aradeib), Balanites aegyptiaca (Hejleij), Adansonia 
digitata (Tabaldi) and Calotropis procera (Ushar). 
  Baggara zone lies between the two areas mentioned above, known as the 
homeland of cattle rearing tribes of Darfur. They keep different animal 
species, cattle, sheep, goats, camels, horses, dogs, and donkeys. Cattle are 
the dominant animal species and hence the name Baggara. This animal 
distribution has changed due to primarily civil conflict and desertification. 
Cattle in the state are of indigenous breed (zebu) except within Nyala town 
where there are cross breeds (Friesian x Kennan or Butana), and (Friesian x 
Baggara). The husbandry system consists of sedentary, nomadic and semi-
nomadic but zero grazing is practiced on a small scale in Nyala town. The 
nomadic system of life is characterized by migration of pastoralists with 
animals for longer distances a whole year round. At the beginning of the 
rainy season, they migrate from south in a northernly direction along the 
neighbouring states or even countries towards the (makhraf) (Map 3).  
Before the end of rainy season, they move to the southern parts of the state 
or other states and even crossing the international borders to (masiaf) in the 
neighbouring countries for water and better pasture. 
 
2.2. Sampling 
2.2.1. Sampling of ticks  
  Tick collection was carried out from five localities.  These 
included Nyala (24° 53' E, 12° 03N), Edd-alferrsan (24° 18'E, 11° 30'N), 
Tulus (24° 32'E , 11° 02'N), Reheid Alberdi (23° 55'E , 11° 17'N), Umdafug 
(23° 19'E , 10° 28'N) and Alradom (24° 49' E, 9° 11' N) (Map 1).  
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            Map (3) Livestock migratory routes  in South Darfur State (Web site: Almassar) 
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Collection was carried out at two monthly intervals for 12 months. Ticks 
were collected from 30 head of cattle each time from each locality.  Cattle 
sampled were of three age groups i.e. less than two years old calves, two to 
four years old heifers or steers and older than four years cows or bulls. The 
same animals were used every time.  They were restrained and cast while all 
visible attached ticks were collected in vials containing 70% ethanol.  These 
vials were labelled indicating locality, animal number, age, coat colour, sex 
and date of collection. Ticks were identified under a dissecting microscope 
and recorded according to sex and developmental stages. Identification was 
carried out according to Hoogstraal (1956), Okello-Onen et al. (1999), 
Walker et al. (2000) and Walker et al. (2003) methods. 
 
2.2.2. Serum collection 
Serum samples were collected from each animal every two months from 
the same cattle in the localities mentioned above.  Whole blood was taken 
from jugular veins using vacutainer tubes. Blood was allowed to clot at 
room temperature. Serum was separated and kept in vials that were labeled 
indicating locality, animal number, age, coat colour, sex and date of 
collection prior to storing  at-20oC until used. 
 
2.2.3. Tick – borne parasites survey 
Blood smears from ear veins, biopsy smears from enlarged lymph nodes 
were made from each animal.  Blood smears were prepared according to 
McCosker (1975) by a drop of blood put on a microscope slide and using 
another slide to spread the blood at an acute angle that makes a thin film.  It 
was air dried and fixed in absolute methanol for 2-3 minutes.  The slides 
were labelled indicating locality, number, age, coat colour, sex and date of 
collection.  The slides were stained in 10% Giemsa's stain for 45 minutes, 
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washed by water and air dried. They were thoroughly examined under a 
research microscope using oil immersion. 
Biopsy smears from enlarged superficial lymph nodes were made using 
sterile syringes and 18G needles. The biopsy fluid was put onto a clean 
slide and spread by the tip of the same needle, air dried, fixed with absolute 
methanol and stained in Giemsa's stain as mentioned above. They were 
thoroughly examined under a research microscope using oil immersion. 
 
2.2.4. Enzyme linked immunosorbent assay (ELISA) For Theileria  
annulata 
Theileria annulata kits with Theileria annulata surface antigen Tasp was 
kindly provided by Prof. Abdelrhim Mohamed El Hussein. 
 
2.2.4.1. Indirect ELISA procedure For Theileria annulata 
Thileria annualta antigen was diluted in coating buffer 
(Carbonate/bicarbonate pH 9.6) at concentration of 2.5µg/ml. The ELISA 
plates (Nunc) were coated with the antigen (1.6µg/µl) and each well 
received 100µl/well and incubated overnight at 4°C. Thereafter, the plates 
were washed three times with PBS. Each plate received 200 µl/well with 
blocking buffer (3% skimmed milk in PBS 0.1% Tween20 pH 7.4) and 
incubated for 2 h at 37°C. The plates were washed five times with PBS with 
0.5 % Tween. Subsequently, the plates were incubated with diluted sera (1: 
25) (Diluents: 1% skimmed milk in PBS/0.1 Tween) in volume 100 µl/well 
and left for 2 h at room temperature. Then, M15 was added at concentration 
of 10ml of diluents to 531µl of M15 for one plate in volume 100 µl/well, 
incubated for 30 minutes, and washed seven times with PBS with 0.5 % 
Tween. Each plate received 100µl/well conjugate rabbit anti-bovine 
immunoglobulin (HRP) diluted in conjugate dilution (1:10000) and left for 
2 h at room temperature. All plates were washed seven times with washing 
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buffer and allowed for three minutes soaking. Thereafter, substrate was 
freshly prepared and added in a volume of 100µl/well, then incubated in 
dark for 10 min at 37°C. Then stopping solution was added in volume of 
100µl/well and after colour development the optical densities were read at 
450 nm using ELISA reader (Laboratory system multi skan, RC). 
All samples were prepared in duplicates in the same plate (96 wells) and 
each plate contained two positive and three negative reference serum 
samples while two wells were left blank (Fig 1).  
 
2.2.4.2. Determination of cut off point 
 The cut off value was calculated as an average of optical density of three 
negative controls + (3xSD) standard deviations according to van Vliet et al. 
(1995). 
 
2.2.5 Enzyme linked immunosorbent assay (ELISA) for Ehrlichia 
ruminantium 
 Ehrlichia ruminantium ELISA kits with a recombinant antigen protein 
(MAP1-B) were kindly provided by Dr. Magdi B. Abdelrahman, Central 
Veterinary Research Laboratories, Khartoum. 
 
2.2.5.1. Indirect ELISA procedure for E. ruminantium 
  Recombinant MAPI-B antigen was diluted in coating buffer (15mM Na2 
Co3 0.16g/ml, 35mM NaHco3 0.29g/100ml) pH 9.6 at a concentration of 
1µl /ml. The ELISA plates (Nunc) were coated with the antigen and each 
well received 100 µl. The plates were then incubated for one hour at 37°C 
and kept overnight at 4°C. The coating buffer was removed and the plates 
were washed 3 times using washing buffer (PBST) (phosphate buffered 
saline (PBS) pH 7.2, supplemented with 0.1% tween 20). Each plate 
received 200 µl in each well of blocking buffer (phosphate buffered saline  
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C- C- S S S S S S S S S S 
C- C- S S S S S S S S S S 
S S S S S S S S S S S S 
       BL = blank, C+= control positive, C- = control negative, S = samples 
                                    
                                     Fig (1) ELISA plate layout 
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(PBS) pH 7.2, supplemented with 1% skimmed milk with 0.1% tween 20 
(PBS-TM) and incubated for 15 minutes at 37°C. Thereafter, the plates 
were washed three times with PBST and subsequently incubated for one 
hour at 37°C with diluted sera (1: 200) in PBS-TM in volume 100µl/well. 
The plates were then washed for the second time with PBST and incubated 
for one hour at 37°C after adding rabbit antigen bovine antibodies, 
antispecies conjugate with horse radish peroxidase (Nordic, the 
Netherlands) diluted in PBS-TM at 1:1000. The plates were washed three 
times for the third time with PBST, then substrate solution (phosphate 
acitrate buffer and ABTS (2, 2-azinobis 3-ethylbenzothiazoline sulfonic 
acid) was freshly prepared and added in volume of  100µl/well, and  
allowed to stand for 30 minutes in a dark place. After colour development, 
it was measured at 450 nm optical density (OD) with an ELISA reader 
(laboratory system multi skan, RC). 
 All samples were prepared in duplicates on the same plate (96 wells), 
and each plate contained two positive and three negative reference serum 
samples while two wells were left blank (Fig 1).  
 
2.2.5.2. Determination of cut off point 
 The cut off value was calculated as an average of optical density of three 
negative controls + (3xSD) standard deviations according to van Vliet et al. 
(1995). 
 
2.3. Statistical analysis 
 Ticks collected were subjected to appropriate general liner model (GLM) 
procedure of statistical analysis using SAS package. The SAS was used to 
perform analysis of variance (ANOVA) and mean separations were 
performed using Ryan-Einto-Gebriel-Welsch multiple Q test (REGWQ) 
according to Day and Quinn (1989). Tick counts were transformed to √ 
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(log10(x + 1) + 0.5) scale before being subjected to ANOVA according to 
Hassan et al. (1992). Correlation analysis was carried out to relate tick 
abundance to meteorological data. The meteorological data of Nyala only 
were lagged for 1, 2 and 3 months to determine the effect of the past 
meteorological conditions on tick abundance. 
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 CHAPTER THREE 
RESULTS 
 
3.1. Tick survey 
Out of 18820 ticks collected, most of them were from sedentary cattle in 
South Darfur State. Four genera of ixodids ticks were identified namely 
Amblyomma, Boophilus, Hyalomma and Rhipicephalus. The species 
included A. lepidum, A. variegatum, B. annulatus, B. decoloratus, H. 
anatolicum anatolicum, H. dromedarii, H. impeltatum, H. impressum, H. 
marginatum rufipes, H. truncatum, R. evertsi evertsi, R. guilhoni, R. 
muhsamae, R. praetextatus and R. sanguineus sanguineus.   
 The most abundant ticks were H. m. rufipes, H. impeltatum, B. 
decoloratus, A. variegatum and B. annulatus in that order while the least 
abundant ticks in a decreasing order were R. guilhoni, R. praetextatus and 
R. muhsamae. The highest mean total ticks (25.08±2.0) per animal were 
collected in Tulus followed by Nyala (22.19±1.5). The lowest mean total 
ticks (15.74±1.3) were collected in Umdafug (Table 3) (Fig 2).  No 
significant difference (P > 0.05) was observed between tick load and host 
sex.  Similarly, there was no significant difference (P > 0.05) between 
numbers of ticks feeding on different age groups of cattle. Nevertheless, the 
highest mean ticks (21.4±1.5) infested cattle between two to four years old 
followed by calves less than two years old and the least mean tick 
infestation (15.8±1.4) was observed among calves aged two years old and 
less (Table 4). On the other hand, there was no significant difference (P > 
0.05) between tick infestation and host coat colour. However, the highest 
mean ticks (20.7±0.9) was found on cattle with white coat colour followed 
by brown coat colour (20.3±1.3) and the least tick load (17.6±1.6) fed on 
cattle with black coat colour (Table 4). 
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3.2. Prevalence of the major tick species in the study area  
3.2.1. Amblyomma lepidum 
 This species was reported in all localities. The highest mean (3.33±0.4) 
was recorded in Edd-alferrsan, while the least mean (0.11±0.1) was in 
Nyala. There was a significant difference (P < 0.05) between the mean 
number in Edd-alferrsan in comparison with Nyala, Tulus, Reheid-alberdi 
and Umdafug. There was also a significant difference (P < 0.05) between its 
abundance in Umdafug and in other localities, but no significant difference 
between the mean numbers in Nyala, Tulus, and Reheid-alberdi (Table 3) 
(Fig 2). 
 
3.2.2. Amblyomma variegatum 
 The African bont tick was reported in all localities with the highest tick 
load mean (3.39±0.4) in Reheid-alberdi, followed by Edd-alferrsan 
(3.39±0.7), while the lowest mean was in Nyala (1.69±0.4). There was a 
significant difference (P < 0.05) between the mean numbers in Reiheid-
alberdi, Edd-alferrsan and Umdafug. There was no significant difference 
between the mean numbers in Nyala and Tulus (Table 3) (Fig 2). 
 
3.2.3. Boophilus annulatus 
 This tick species was reported in all the study area. The highest tick load 
mean (4.54±0.4) was found in Tulus, while the least mean (0.27±0.1) was in 
Edd-alferrsan (Table 3) (Fig 2) . There was a significant difference (P < 
0.05) between mean ticks collected in Tulus and other localities. Similarly, 
there was a significant difference (P < 0.05) between mean ticks in Edd-
alferrsan and in Nyala, Reheid-alberdi, and Umdafug. No significant  
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Table (3)   Mean (± SE) numbers of ticks per animal collected from cattle in different localities in South Darfur during 2004 - 2005. 
Location            A.  
lepidum         
A. 
variegatum     
  B. 
annulatus   
  B. 
decoloratus    
H. 
dromedarii     
H.  
m. rufipes        
H. 
 impeltatum       
H.  
truncatum  
       
Mean total  
Nyala 
Eddferrsan+ 
Tulus 
Reheidalberdi 
Umdafug 
0.11± 0.1c 
3.33±0.4a 
0.34± 0.1c 
0.36± 0.1c 
0.96± 0.2b 
1.69± 0.4b  
3.39±0.7ab 
2.52± 0.6b 
3.39± 0.4a 
2.94± 0.5ab 
1.46±0.5b 
0.27±0.1c 
4.54± 0.4a 
1.74± 0.4b 
0.97± 0.2b 
1.46± 0.3b 
 3.68± 0.4a 
4.30± 0.5a 
3.52± 0.4a 
1.63± 0.3b 
0.46± 0.1b 
 0.95± 0.2a 
0.44± 0.1b 
0.32± 0.1bc 
0.10± 0c 
5.09± 0.5b 
 7.21± 0.6a 
7.83± 0.8a 
7.26± 0.6a 
5.30± 0.5ab 
10.17± 1.3a 
 0.01± 0c 
4.46± 1.5b 
0.12± 0c 
0.02± 0c  
1.35± 0.2b 
 0.82±0.1bc  
0.64± 0.1c 
1.59± 0.2b 
3.72± 0.4a 
22.19± 1.5a 
 19.65±1.2a 
25.08± 2.0a 
18.21 ±1.0a 
15.74 ±1.3b 
Number of observations =180 in each locality.     + number of observations = 150. 
Means (± SE) followed by the same letter in each column are not significantly different at 5% level based on Ryan’s Q test (REGWQ) 
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Fig (2) Mean numbers of ticks per animal collected from cattle in different 
localities in South Darfur during 2004 - 2005 
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Al=   Amblyomma lepidum  
Aa=  A. variegatum  
Ba=  Boophilus annulatus 
Bd=  B. decoloratus 
Hd= Hyalomma dromedarii 
Hmr= H. m. rufipes 
Himl= H. impeltatum 
Ht=   H. truncatum 
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Table (4) Mean (±SE) numbers of  ticks per animal  affected by animal sex, age groups and different coat colour in South Darfur during 
2004- 2005 
 
 A. 
 Lepidum 
A. 
variegatum 
 
B 
annulauts 
 
B. 
decoloratus 
 
H. 
dromedarii 
 
H.  
m rufipes 
 
H. 
  impeltatum 
 
H. 
 truncatum 
Mean Total  
 
Animal sex   
Male(218)      
Female(651) 
Animal age groups      
<2(152) 
>2(240) 
>4 (477) 
Animal coat colour  
Black(108)   
Brown(233)    
White(528) 
 
0.85±0.2a    
0.97±0.1a 
 
0.56±0.1a    
0.82±0.2a    
1.12±0.1a  
 
0.51±0.2b    
0.87±0.2a    
1.06±0.1a 
  
 
2.64±0.5a        
2.80±0.3a 
 
2.26±0.4a       
2.79±0.5a       
2.91±0.3a 
 
2.35±0.5a        
2.12±0.3a        
3.13±0.3a 
 
 
2.71±0.4a    
1.68±0.2b 
 
1.700.3b      
2.680.3a      
1.63±0.2b    
 
2.23±0.6a    
2.21±0.4a    
1.75±0.2a 
  
 
3.53±0.4a    
2.69±0.2a 
 
1.93±0.3b    
3.78±0.4a    
2.76±0.2b  
 
2.22±0.4a    
2.60±0.3a    
3.17±0.2a 
 
 
0.42±0.1a        
0.44±0.1a 
 
0.42±0.1a        
0.44 ±0.1a      
0.44±0.1a 
 
0.31±0.1a        
0.40±0.1a        
0.48±0.1a 
 
 
7.03±0.6a        
6.35±0.3a 
 
5.29±0.6b      
6.52±0.5a       
6.92±0.4a  
 
5.52±0.3a        
7.02±0.6a        
6.51±0.3a 
 
 
2.21±0.7a           
3.35±0.5a 
 
2.040.8b           
3.05±1.1b       
3.40±0.5a 
 
1.96±0.6a        
3.45±0.9a        
3.11±0.6a 
 
 
1.44±0.2a        
1.72±0.1a 
 
1.58±0.3a        
1.31±0.2a       
1.84±0.2a  
 
2.48±0.5a       
1.64±0.2a        
1.48±0.1a 
 
 
20.83±1.3a         
20.00±0.8a 
 
15.78±1.4b       
21.39±1.5a     
21.03±0.8a 
 
17.59±1.6a      
20.31±1.3a      
20.700.9a 
 
     Figures in parentheses are numbers of animals 
Means (± SE) followed by the same letter in each column are not significantly different at 5% level based on Ryan’s Q test (REGWQ) 
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difference (P > 0.05) was found among mean ticks in Nyala, Reheid-
alberdi and Umdafug (Table 3) (Fig 2). 
 
3.2.4. Boophilus decoloratus 
This tick species was present in all localities, with the highest tick 
load mean (4.30±0.5) in Tulus, in contrast to Nyala where the lowest 
mean (1.46±0.3) was recorded. A significant difference (P < 0.05) 
between the number of ticks in Tulus, Edd-alferrsan and Reheid-
alberdi was detected in comparison with Nyala and Umdafug (Table 
3) (Fig 2). 
 
3.2.5. Hyalomma dromedarii 
 This species was found in low numbers in comparison with other 
Hyalomma species in all localities. The highest mean (0.95±0.2) was 
recorded in Edd-alfersan, while low mean numbers (0.10±0) were 
found in Umdafug. There was a significant difference (P < 0.05) 
between mean ticks in Edd-alferrsan and other localities, but no 
significant difference (P > 0.05) between mean tick numbers among 
other localities (Table 3) (Fig 2). 
 
3.2.6. Hyalomma marginatum rufipes 
 This tick species was abundant in all localities. The highest tick 
load mean (7.83±0.8) was found in Tulus, while the lowest mean 
(5.09±0.5) was in Nyala. There was a significant difference (P < 
0.05) between mean ticks in Tulus, Edd-alferrsan and Reheid-alberdi 
with those of Nyala and Umdafug. On the other hand, there was no 
significant difference (P > 0.05) between mean ticks in Nyala and 
Umdafug (Table 3) (Fig 2). 
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3.2.7. Hyalomma impeltatum 
 This tick species was abundant in Nyala and Tulus, with low 
abundance in other localities. The highest tick load mean (10.17±1.3) 
was in Nyala, while the lowest mean (0.0±1.0) was in Edd-alferrsan. 
There was a significant difference (P < 0.05) in mean ticks in Nyala 
in comparison with those of Tulus, Umdafug, Reheid-alberdi and 
Edd-alferrsan. There was also a significant difference (P < 0.05)  
between mean ticks in Tulus and in Umdafug, Reheid-alberdi and 
Edd-alferrsan, while there was no significant difference (P >  0.05) 
between mean ticks in Umdafug, Reheid-alberdi and Edd-alferrsan 
(Table 3) (Fig 2). 
 
3.2.8. Hyalomma truncatum 
 This tick species was recorded in all the study area. The highest 
mean tick (3.72±0.4) was found in Umdafug, while the lowest 
number (0.62±0.1) was in Tulus. There was a significant difference 
(P < 0.05) between mean ticks in Umdafug and mean ticks in other 
localities. Similarly, there was a significant difference (P < 0.05) 
between mean ticks in Tulus and Edd-alferrsan with mean ticks in 
Nyala, and Reheid-alberdi, while there was no significant difference 
(P >  0.05)  between mean ticks in Nyala and Reheid-alberdi (Table 
3) (Fig 2). 
  
3.3. Ticks found in low numbers 
3.3.1. Hyalomma anatolicum anatolicum 
 This xerophilic species was found only in Nyala where it was 
reported in a high abundance in July followed by low abundance in 
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March and in very low numbers in January.  It was not found in other 
months of the year. In Umdafug, only one male was found (Table 5).  
 
33.2. Hyalomma impressum 
 This tick species was found in all localities, with the exception of 
Edd-alferssan. The highest prevalence found in Reheid-alberdi while 
the lowest in Tulus.  The higest mean was in March and June in 
Reheid-alberdi, while in Umdafug was in February and June. It was 
not found in November in both localities mentioned and Tulus, while 
it was fonud in the same month in Nyala (Table 5).  
 
3.3.3. Rhipicephalus evertsi evertsi 
 This tick species was found throughout the year in Nyala, with the 
highest mean in September while the lowest was in January. In Edd-
alferrsan, it was recorded in low numbers in all months except in 
November.  Similarly, in Tulus it was was found throughout the year 
but disappeared in July. In Reheid-alberdi, one male was recorded in 
each of January, March and August. This tick species was not 
recorded in Umdafug (Table 5). 
 
3.3.4. Rhipicephalus  sanguineus sanguineus 
 This tick species was recorded in Nyala and Edd-alferrsan only in 
September and June, respectively. However, it was found in Tulus in 
all months except in June. In Reheid-alberdi, it was found only in 
January, August and November. This species was not recorded in 
other localities (Table 5). 
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3.3.5. Rhipicephalus praetextatus 
 This tick species was reported in Reheid-alberdi in January, June 
and August, while in Umdafug it was found in August only. It was 
not found in the rest of the localities (Table 5). 
 
3.3.6. Rhipicephalus guilhoni 
 This tick species was found in Reheid-alberdi in June and 
November. In Umdafug it was recorded only in January and April. It 
was not found in Nyala, Edd-alferran and Tulus (Table 5). 
 
3.3.7. Rhipicephalus muhsamae 
 This tick species was found in Edd-alferrsan only in June, while in 
Reheid-alberdi it was observed in January, August and November and 
in Umdafug in all months with the exception of March and April. It 
was not recorded in Nyala and Tulus (Table 5).  
 
3.4. Factors affecting cattle tick load in different localities  
3.4.1. Nyala 
  The highest mean tick load in Nyala was found in May 
(31.83±4.9), while the lowest (17.77±2.5) was reported in September. 
However, there was no clear pattern of seasonality as there was no 
significant difference (P > 0.05) between abundance of ticks 
throughout the year (Table 6) (Fig 3). Interaction of ticks with animals 
age and animal coat colour showed significant difference (P < 0.01)  
whereas, there was no significance (P > 0.05) with host sex (Table 7). 
Correlation analysis between abundance of ticks and climatic values 
revealed that there was a positive non-significant correlation (r = 0.07) 
with ambient temperature and negative non-significant correlation  
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Table (5) Ticks collected in very low numbers from localities of South 
Darfur during 2004 - 2005 
Tick species Nyala Edd-
alferrsan 
Tulus Reheid 
alberdi 
Umdafug Total 
R. e. evertsi  
   Male      
   female 
R.sanguineus 
   Male  
   female  
R.praetextatus 
   Male     
   female 
R.guilhoni 
   Male 
   female  
R.muhsamae 
   Male 
   female 
H.impressum 
   Male 
   Female 
H.a.anatolicum 
   Male 
   Female 
 
190 
120 
 
3 
1 
 
0 
0 
 
0 
0 
 
0 
0 
 
19 
0 
 
80 
92 
 
29 
17 
 
2 
1 
 
0 
0 
 
0 
0 
 
4 
14 
 
0 
0 
 
0 
0 
 
7 
5 
 
12 
25 
 
0 
0 
 
0 
0 
 
7 
79 
 
4 
0 
 
0 
0 
 
3 
0 
 
23 
31 
 
24 
14 
 
7 
3 
 
19 
31 
 
90 
2 
 
0 
0 
 
0 
0 
 
28 
45 
 
4 
0 
 
14 
4 
 
29 
10 
 
172 
24 
 
1 
0 
 
229 
142 
 
68 
103 
 
28 
14 
 
21 
7 
 
59 
134 
 
285 
26 
 
81 
92 
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Table (6)  Mean (± SE) number of ticks collected seasonally from cattle in localities of South Darfur during 2004 - 2005 
Month            A. 
lepidum          
A. 
variegatum     
B. 
annulatus          
 B. 
decoloratus    
H. 
dromedarii     
H.  
m. rufipes       
H.  
impeltatum     
H. 
truncatum      
Total ticks 
Nyala 
February 
April 
May 
July 
September 
December 
 
Edd-
alferrsan 
January 
March 
April 
July 
November   
 
 Tulus 
January 
March 
April 
July 
September 
November 
 
0.03±0a+ 
0.13± 0.1a 
0.03±0a 
0.00±0a 
0.03±0a 
0.43±0.3a 
 
 
 
2.10±0.6b 
6.90± 1.1a 
1.63± 0.5b 
2.77± 0.5b 
3.23± 0.7b 
 
 
0.13±0.1b 
0.20± 0.1b 
0.16± 0.1b 
1.23± 0.4a 
0.10± 0.1b 
0.20±0.1b 
 
0.03±0.c 
1.10± 0.7c 
0.23± 0.1c 
6.70± 1.6a 
2.01± 0.6b 
0.07± 0.1c 
 
 
 
0.10±0.1b 
0.70± 0.2b 
0.17± 0.5b 
15.80± 2.6a 
0.17± 0.1b 
 
 
0.20±0.1b 
0.70± 0.2b 
0.58± 0.2b 
13.17± 2.6a 
0.27± 0.1b 
0.30± 0.2b 
. 
0.63±0.6b 
0.17± 0.1b 
0.00± 0b 
0.00± 0.b 
1.70± 0.7b 
8.60± 2.4a 
 
 
 
0.63±0.4a 
0.33± 0.2a 
0.00± 0a 
0.10± 0.1a 
0.27± 0.2a 
 
 
9.37±1.4a 
3.80± 0.8bcd 
1.71± 0.4cd 
1.07± 0.4d 
4.20± 0.7abc 
7.20± 1.3ab 
 
0.23± 0.1c 
1.20± 0.5bc 
0.07± 0.1c 
0.03± 0. c 
2.00± 0.7b 
5.20±1.1a        
 
 
 
3.20± 1.0bc 
3.83± 0.7ab 
3.13± 0.7abc 
2.17± 0.9c 
6.07± 1.2a       
 
 
10.37± 2.3a 
1.27± 0.4b 
5.06± 1.1a 
1.30± 0.5b 
3.87± 0.8a 
3.93±0.8a  
 
0.30± 0.2a 
0.70± 0.5a 
0.67± 0.4a 
0.30± 0.2a 
0.67± 0.2a 
0.20± 0.1a       
 
 
 
0.43± 0.2bc 
1.73± 0.3a 
0.53± 0.4c 
1.77± 0.3a 
0.26± 0.2c       
 
 
0.10± 0.1b 
0.23± 0.1b 
0.74± 0.3ab 
1.33± 0.5a 
0.13± 0.7b 
0.10± 0.1b    
 
7.17± 1.2a 
6.47± 0.3ab 
2.13±0.7b 
2.87± 0.9b 
4.47± 1.0ab 
7.47± 1.0a       
 
 
 
4.33± 0.9bc 
6.83± 0.9ab 
12.13±1.5a 
8.63± 1.4abc 
4.13± 1.0c       
 
 
8.03± 1.3abc 
7.40± 1.8ab 
6.23±1.0abc 
17.80± 3.5a 
3.53± 0.7bc 
4.10± 1.0c   
 
11.20± 2ab 
7.77± 2.5b 
26.93± 4.6a 
13.70± 3.5b 
1.43± 0.5c 
0.20± 0.1c       
 
 
 
0.00± 0a 
0.03± 0a 
0.00± 0a 
0.00± 0a 
0.00± 0a          
 
 
0.37± 0.1c 
1.57± 0.4b 
0.10± 0.1c 
24.70± 8.1a 
0.07± 0.1c 
0.10± 0.1c    
 
2.83±0.6a 
0.70± 0.3c 
0.33± 0.1c 
0.40± 0.2c 
2.67± 0.8ab 
0.93± 0.3bc 
 
 
 
0.20±0.1b  
1.23± 0.3a 
0.33± 0.2b 
1.60± 0.5a 
0.73± 0.3ab 
 
 
0.77±0.4ab 
0.63± 0.3ab 
0.10± 0.1b 
1.43± 0.4a 
0.53± 0.3ab 
0.37± 0.3b 
 
23.37±3.2a 
19.97 ±2.8a 
31.83 ±4.9a 
25.63± 4.6a 
17.77± 2.5a 
25.67± 3.0a 
 
 
 
12.07±1.0c 
21.73 ±2.1ab 
18.20 ±1.9ab 
33.60± 4.3a 
14.86± 1.6bc 
 
 
30.30±3.0b 
15.90 ±2.5b 
15.29 ±2.1b 
62.53± 8.0a 
13.33± 1.3b 
18.10± 1.8b 
Number of observations = 30 in each locality at two monthly intervals. 
+ Analysis was based on values transformed √(log10(x +1) + 0.5) 
Means (± SE) followed by the same letter in each column for each locality are not significantly different at 5% level based on  
Ryan’s Q test (REGWQ). 
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Table(6) (Cont.)  Mean (± SE) number of ticks collected seasonally from cattle in localities of South Darfur during 2004 - 2005 
Month             A. 
 lepidum        
A. 
 variegatum    
B.  
annulatus          
 B. 
decoloratus    
H. 
dromedarii     
H. 
m.rufipes       
H. 
impeltatum     
H. 
truncatum      
Mean Total  
Reheidalberdi 
January 
February 
March 
June 
August 
November 
 
Umdafug 
January 
March 
April 
June 
August 
November 
  
 
0.20±0.1b+ 
0.10± 0.1b 
0.60± 0.4ab 
0.33± 0.1ab 
0.83± 0.2a 
0.10±0.1b 
 
 
0.23±0.1c 
0.27± 0.1c 
1.37± 0.3b 
3.17± 0.9a 
0.17± 0.9c 
0.20±0.1c 
 
0.40±0.2c 
0.33± 0.1c 
1.00± 0.4c 
11.93± 1.3a 
6.33± 1.1b 
0.33± 0.1c 
 
 
0.27±0.1c 
0.37± 0.1c 
0.53± 0.3c 
14.04± 1.7a 
3.13± 0.6b 
0.03± 0.0c 
 
0.27±0.1bc 
2.33± 0.6a 
3.67± 1.8ab 
0.13± 0.1c 
0.43± 0.2bc 
3.63± 0.8a 
 
 
0.40±0.2c 
2.13± 0.8ab 
1.60± 0.4a 
0.64± 0.3abc 
0.93± 0.6bc 
0.07± 0.1c 
 
3.23± 0.7abc 
6.13± 1.8ab 
2.60± 1.0c 
2.70±0.6abc 
1.47± 0.3bc 
5.03±1.0a   
 
 
0.73± 0.3b 
1.20± 0.4b 
3.37± 0.8a 
2.54± 1.0ab 
1.23± 0.7b 
0.77±0.3b 
 
0.17± 0.1a 
0.33± 0.2ab 
0.23± 0.1ab 
0.27± 0.1ab 
0.90± 0.4a 
0.03± 0.0b   
 
 
0.00± 0b 
0.07± 0.1ab 
0.00± 0.b 
0.21± 0.2b 
0.30± 0.1a 
0.00± 0.b  
 
8.13± 1.0a 
5.47± 1.1ab 
11.13±2.0a 
7.97± 1.8ab 
4.93± 1.1ab 
5.93± 1.9b   
 
 
5.17± 0.9bc 
5.08± 0.9ab 
4.27±0.8bc 
12.86± 1.9a 
2.10± 0.4c 
2.17± 0.4c    
 
0.00± 0a 
0.00± 0a 
0.07± 0.1a 
0.00± 0a 
0.00± 0.a 
0.03± 0.0a    
 
 
0.00± 0b 
0.00± 0.b 
0.07± 0.1b 
0.00± 0b 
0.63± 0.2a 
0.00± 0.b  
 
4.23±0.9a 
0.43± 0.3b 
0.83± 0.3b 
1.00± 0.4b 
2.83± 0.6a 
0.23± 0.1b 
 
 
3.50±0.9b 
3.00± 1.0bc 
1.40± 0.7c 
11.07± 1.6a 
2.37± 0.4b 
1.50± 0.3bc 
 
18.67±1.7ab 
16.00 ±2.6b 
20.53 ±2.6ab 
24.37± 3.2a 
19.17± 2.0ab 
16.13± 2.5b 
 
 
12.87±2.1bc 
15.33 ±2.1b 
14.53 ±2.1bc 
47.36± 4.8a 
11.60± 1.2b 
5.10± 0.8c 
Number of observations = 30 in each locality at two monthly intervals. 
+ Analysis was based on values transformed √(log10(x + 1) + 0.5). 
Means (± SE) followed by the same letter in each column for each locality are not significantly different at 5% level based on  
Ryan’s Q test (REGWQ) 
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Fig (3) Mean number of ticks seasonally collected from cattle in localities of South Darfur during 2004 - 2005    
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Al =  Amblyomma  lepidum 
Av = A. variegatum  
Ba = Boophilus annulatus 
Bd = B. decoloraltus 
Hd = Hyalomma dromedarii 
Hm = H. m. rufepis 
Hip = H. impeltatum 
Ht = H. truncatum 
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Table (7) ANOVA, R-square (R), coefficient variance (CV), mean square (MS), 
and F  value (F) of on host ticks and interaction with other parameters in 
localities of South Darfur during 2004-2005 
Source            DF MS Fvalue Source            DF MS F value 
Nyala 
    Month 
    Sex 
    Age 
    Colour 
    Month*Sex 
    Month*Age 
    Month*Colour 
    Sex*Colour 
    Age*Colour 
 
Edd-alferrsan 
    Month 
    Sex 
    Age 
    Colour 
    Month*Sex 
    Month*Age 
    Month*Colour 
    Sex*Colour 
    Age*Colour 
 
Tulus 
    Month 
    Sex 
    Age 
    Colour 
    Month*Sex 
    Month*Age 
    Month*Colour 
    Sex*Colour 
    Age*Colour 
 
 
5 
1 
2 
2 
5 
10 
10 
1 
1 
 
 
4 
1 
2 
1 
4 
8 
4 
1 
1 
 
 
5 
1 
2 
2 
5 
10 
10 
2 
1 
 
 
0.05 
0.06 
0.07 
0.09 
0.03 
0.03 
0.05 
0.02 
0.42  
 
 
0.14 
0.08 
0.03 
0.00 
0.01 
0.01 
0.02 
0.00 
0.02  
 
 
0.28 
0.23 
0.33 
0.01 
0.01 
0.03 
0.01 
0.01 
0.01 
 
 
0.89ns 
1.18ns 
1.24ns 
1.58ns 
0.54ns 
0.48ns 
0.96ns 
0.32ns 
7.72**  
 
 
8.27*** 
4.82* 
1.86ns 
0.10ns 
0.65ns 
0.35ns 
1.15ns 
0.04ns 
0.92ns  
 
 
9.40*** 
7.67** 
11.26*** 
0.44ns 
0.45ns 
1.00ns 
0.48ns 
0.20ns 
0.26ns 
 
Reheid-alberdi 
  Month 
  Sex 
  Age 
  Colour 
  Month*Sex 
  Month*Age 
  Month*Colour 
  Sex*Colour 
  Age*Colour 
 
Umdafug 
  Month 
  Sex 
  Age 
  Colour 
  Month*Sex 
  Month*Age 
  Month*Colour 
  Sex*Colour 
  Age*Colour 
 
 
5 
1 
2 
2 
5 
10 
10 
2 
1 
 
 
5 
1 
2 
2 
5 
10 
10 
1 
3 
 
 
0.09 
0.03 
0.15 
0.01 
0.02 
0.04 
0.04 
0.02 
0.01  
 
 
0.47 
0.00 
0.08 
0.05 
0.07 
0.03 
0.02 
0.09 
0.02 
  
 
3.01* 
0.86ns 
4.69* 
0.27ns 
0.67ns 
1.27ns 
1.18ns 
0.72ns 
0.26**  
 
 
12.12*** 
0.02ns 
2.01ns 
1.21ns 
1.72ns 
0.85ns 
0.58ns 
2.31ns 
0.54ns 
  
*P≤ 0.05                      **P≤ 0.01                           ***P≤ 0.001                 ns= not significant 
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with relative humidity (r = -0.05) and with rainfall (r = -0.01) (Table 
8). The correlation between abundance of ticks with climatic values 
one month before collection was positive non-significant with the 
ambient temperature (r = 0.20) and negative non significant with 
relative humidity (r = -0.11) and rainfall (r = -0.15). Similarly, 
correlation between abundance of ticks with climatic values two 
months prior to collection indicated that there was no significant 
difference with ambient temperature (r = 0.04), while there was a 
negative non-significant correlation with relative humidity (r = -0.16) 
and rainfall (r = -0.16) (Table 9).  
  On the other hand, although cattle sex had no significant effect on 
the tick load but cows carried higher mean number of ticks 
(24.88±1.7) than bulls (18.58±3.2) (Table 10). Similarly, although 
there was no significant difference (P < 0.05) between the tick load 
and cattle age but young calves carried more ticks (28.94±2.3) than 
adult cattle (24.54±1.7) and the least ticks (17.46±2.6) were carried 
by middle age cattle (Table 11). There was no significant difference 
(P > 0.05) between tick load and cattle coat colour.  However, the 
highest mean ticks (27.89±2.4) infested cattle with white coat colour 
followed by cattle with brown coat colour (20.43±2.0). Cattle with 
black coat colour were infested by the least mean number of ticks 
(19.41±3.2) (Table 12). 
 The ratio of male to female ticks showed no significant (P > 0.05) 
effect with monthly collection, animal sex, different animal age 
groups and animal coat colour (Tables 13, 14, 15 and 16). 
3.4.2. Edd-alferrsan 
 The highest mean total tick load in the locality was found in July 
(33.6±4.3), while the lowest mean tick load (12.07±1.0) was in 
January. There was a significant difference (P < 0.05) between mean 
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tick abundance in wet season (June, July and August) and mean 
abundance in the dry season (January, February, March and April). 
Similarly, there was a significant difference (P < 0.05) between mean 
numbers in November and January with mean ticks found in March 
and April, while no significant difference (P > 0.05) was found 
between the mean ticks in March and April (Table  6) (Fig 3). There 
was a highly significant interaction between tick numbers and month 
of the year (P < 0.001) as well as sex of the animals (P < 0.05) but no 
significant difference (P > 0.05) with coat colour (Table 7).  Cows 
carried higher mean number of ticks (21.48±1.5) than bulls (15±1.4) 
(Table 10). There was also no significant difference (P > 0.05) 
between mean tick numbers and animal age groups. Calves of more 
than two years old carried more ticks (21.28±2.3) than adults of more 
than four years old and the lowest mean number  (14.25±2.6) was 
carried by calves less than two years old (Table 11). No significant 
difference (P > 0.05) was observed between mean number of ticks 
and cattle coat colour.  However, the highest mean ticks (20.91±1.6) 
infested cattle with white coat colour followed by cattle with brown 
coat colour, while cattle with black coat colour were infested by the 
lowest mean number of ticks (17.85±1.5) (Table 12). The ratio 
between male to female ticks showed no significant difference with 
month, host sex, animal age group and coat colour (Tables 13, 14, 15 
and 16). 
 
3.4.3. Tulus 
 In this locality all tick species were prevalent with a variation of 
tick load throughout the year. The highest tick load (62.53±8.0) per 
animal was in July and the least mean number (13.33±1.3) was in 
September. There was a significant difference (P < 0.05) between 
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mean ticks in January, March, April, September and November 
(Table 6) (Fig 3).  The seasonal ratio of male to female ticks was high 
in July compared with other months, there was a significant 
difference (P < 0.05) between July and January, March, April, 
September and November, but there was no significant difference (P 
> 0.05) among these months (Table 13). Interaction of ticks was 
highly significantly different (P < 0.001) with month and age groups, 
but weak significant difference (P < 0.01) with animal sex. There was 
no significant difference (P > 0.05) with month and age, month and 
sex, sex coat colour, and age and coat colour (Table 7). Although 
cattle sex had no significant effect on tick load but bulls carried 
higher mean number of ticks (29.98±3.1) than cows (23.48±2.6) 
(Table 10). There was no significant difference (P > 0.05) between 
mean ticks and animal age groups. Nevertheless, calves of more than 
two years old carried more ticks (28.11±2.9) than cattle of more than 
four years old and the least tick load (15.20±2.8) was carried by 
calves of less than two years old (Table 11). There was no significant 
difference (P > 0.05) between tick load and host coat colour, but the 
highest mean ticks (29.51±5.1) infested cattle with brown coat colour 
followed by white coat colour (25.79±2.4) and the lowest mean ticks 
(19.58±3.0) was found on cattle with black coat colour (Table 12). 
There was significant difference (P < 0.05) between ratio of male to 
female ticks and months of year (Table 13), while no significant 
difference (P > 0.05) was between ratio of male to female ticks with 
animal sex, age groups and coat colour (Tables 14, 15 and 16). 
  
3.4.4. Reheid-alberdi 
 In this locality, the highest mean tick load (24.37±3.2) was in June 
while the lowest mean (16.0±2.6) was in February. There was a 
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significant difference (P < 0.05) between mean number of ticks in 
June and mean ticks in other months. Similarly, there was a 
significant difference (P < 0.05) between mean ticks in February and 
November with those in January, March and August, while there was 
no significant difference (P > 0.05) between tick abundance in 
January, March and August (Table 6) (Fig 3) . There was a significant 
interaction between ticks and months (P < 0.05) and cattle age groups 
with their coat colour (P < 0.01) (Table 7). There was no significant 
difference (P > 0.05) of tick load among different age groups of 
cattle. However, calves more than two years old carried more ticks 
(19.97±2.3) followed by adults, but the younger calves carried the 
least mean ticks (17.31±2.3) (Table 11). Bulls carried significantly 
higher number of ticks (21.57±2.1) than cows. No significant 
difference (P > 0.05)  was observed between mean ticks and animal 
coat colour, but the highest mean ticks (21.74±1.9) infested cattle 
with brown coat colour followed by those with white coat colour 
(18.48±1.4), while cattle with black coat colour were infested by 
lowest mean number of ticks (17.75±2.1) (Table 12). 
The effect of season showed significant difference (P < 0.05) 
between August and June with other months, and between November 
and January, February and March (Table 13). No significant 
difference (P > 0.05) was observed between host sex, different 
animal age groups and animal coat colour with tick sex ratio (Male: 
Female) (Tables 14, 15 and 16) 
 
3.4.5. Umdafug 
 In this locality, all tick species were prevalent with a variation 
throughout the year. The highest mean ticks (47.36±4.8) were in  
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          Table (8) Correlation analysis between abundance of total parasitic ticks in Nyala with monthly  
climatic factors during 2004 - 2005  
Climatic 
factors   
A.  
lepidum          
A. 
variegatum     
   B. 
annulatus   
 B. 
decoloratus    
H. 
dromedarii   
H. 
m. rufipes      
H. 
impeltatum     
H. 
truncatum      
Total ticks 
Temperature 
R.H 
Rain 
Temperature1 
R.H1 
RAIN1 
Temperature2 
R.H2 
Rain2            
-0.12ns 
-0.09ns 
-0.08ns 
-0.01ns 
-0.09ns 
-0.06ns 
-0.02ns 
0.01ns 
0.00ns 
-0.11ns 
0.39*** 
0.50*** 
0.07ns 
0.31*** 
0.07ns 
0.42*** 
0.10ns 
-0.01ns 
 
-0.38*** 
-0.10ns 
-0.14ns 
-0.10ns 
-0.08ns 
-0.04ns 
-0.07ns 
0.15* 
0.11ns 
-0.37*** 
-0.09ns 
-0.16* 
-0.14ns 
-0.5ns 
0.04ns 
-0.10ns 
0.21** 
0.19*  
0.09ns 
0.01ns 
-0.03ns  
0.02ns 
0.02ns 
0.05ns 
0.01ns 
0.01ns 
0.03ns 
-0.12ns 
-0.22** 
-0.18* 
-0.22** 
-0.15* 
-0.08ns  
-0.10ns 
-0.01ns 
-0.00ns           
0.38*** 
-0.03ns 
0.03ns 
0.41*** 
-0.14ns 
-0.19** 
0.06ns 
-034*** 
-0.30*** 
 
-0.07ns            
0.02ns 
-0.09ns 
-0.33*** 
0.13ns 
0.20** 
-0.24** 
0.19* 
0.21** 
0.07ns 
-0.05ns 
-0.01ns 
 0.20* 
-0.11* 
-0.15* 
0.04ns 
-0.16* 
-0.61* 
              *P< 0.05.                ** P < 0.01.               *** P<  0.001.                 ns = non-significant. 
               Temperature1……Rain 2= 1…..2 months before tick collection. 
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 Table (9)   Correlation analysis between male and female parasitic tick species in Nyala with  
monthly climatic factors during 2004 - 2005  
Climatic 
factors            
      A. lepidum  
Male           Female    
     A. variegatum 
Male            Female      
     B. annulatus  
Male            Female      
   B. decoloratus 
Male            Female      
Temperature 
R.H 
Rain 
Temperature1 
R.H1 
RAIN1 
Temperature2 
R.H2 
Rain2 
            
 
Temperature 
R.H 
Rain 
Temperature1 
R.H1 
RAIN1 
Temperature2 
R.H2 
Rain2            
-0.12ns     -0.12ns 
-0.09ns     -0.05ns 
-0.08ns     -0.04ns      
-0.01ns     -0.01ns 
-0.09ns     -0.05ns 
-0.06ns     -0.04ns 
-0.02ns     -0.00ns 
0.01ns       0.02ns 
0.00ns       0.01ns 
        
H. dromedarii         
0.08ns       0.09ns 
0.02ns      -0.03ns 
0.00ns      -0.12ns 
0.04ns      -0.03ns 
0.02ns       0.01ns 
0.03ns       0.11ns 
-0.01ns    -0.14ns 
-0.01ns     0.05ns 
0.01ns      0.10ns 
-0.11ns       -0.07ns 
0.41***      -0.28***  
0.48***      -0.45*** 
0.04ns          0.12ns 
0.34***       0.18* 
0.13ns        -0.06ns 
0.38***       0.45*** 
0.15*         -0.02ns 
0.05ns         0.13ns 
         
H. m. rufipes 
- 0.06ns      -0.24** 
-0.25**      -0.06ns 
-0.20**      -0.06ns 
-0.25ns      -0.12ns 
-0.17*        -0.03ns 
-0.10ns      -0.01ns 
-0.12ns      -0.01ns 
-0.05ns       0.11ns 
 0.03ns       0.08ns 
-0.21**       -0.41***    
-0.06ns       -0.10ns 
-0.07ns       -0.15ns  
-0.04ns       -0.12ns 
-0.06ns       -0.07ns 
-0.04ns       -0.02ns 
-0.03ns       -0.08ns 
 0.07ns         0.18* 
 0.04ns         0.14ns 
             
H. impeltatum           
 0.34 ***     0.39*** 
-0.04ns      -0.02ns 
 0.02ns      -0.03ns 
 0.36***     0.45*** 
-0.13ns       0.11ns 
-0.18*        0.19* 
 0.05ns       0.08ns 
-0.31***   -0.33*** 
-0.28***   -0.29*** 
-0.26***      -0.42*** 
-0.09ns        -0.08ns 
-0.11ns        -0.16* 
-0.09ns        -0.14ns 
-0.06ns        -0.03ns 
-0.02ns          0.06ns 
-0.06ns        -0.10ns 
 0.11ns          0.23** 
 0.09ns          0.18* 
             
 H. truncatum 
-0.07ns         -0.04ns 
 0.00ns          0.06ns 
-0.09ns         -0.03ns 
-0.35***       -0.16* 
 0.11ns           0.12ns 
 0.19*            0.17* 
-0.24**        -0.14ns 
 0.18*            0.15* 
 0.20**          0.17* 
 * P ≤ 0.05.                     ** P ≤ 0.01.                    *** P ≤  0.001.         ns = not significant.  
   Temperature1…. Rain2 = 1…..2 months before tick collection. 
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Table (10)  Mean (± SE) numbers of ticks on bulls and cows in localities of South Darfur in 2004 - 2005 
Tick 
species 
          Nyala 
bulls (24)      Cows (156)    
    Edd-alferrsan 
Bulls (35)    Cows (115) 
               Tulus 
bulls (66)     Cows (115)      
          Reheid-alberdi 
bulls (54)    Cows (126)       
          Umdafug 
bulls (39)        Cows (139) 
A.  lepidum 
A.  variegatum 
B. annulatus 
B. decoloratus 
H.  dromedarii 
H. m. rufipes 
H.  impeltatum 
H.  truncatum 
Total ticks 
0.08±0.1a+     0.12±0.1a 
0.88±0.4a      1.81±0.4a 
1.42±0.9a      1.92±0.5a 
1.46±0.8        1.46±0.3a 
0.17±0.1a      0.52±0.1a  
4.96±1.2a      5.11±0.5a 
8.00±2.5a      10.55±0.4a 
0.92±0.4a      1.37±0.2a 
18.58±3.2a    24.88±1.7a 
3.02±0.9a    3.41±0.4a 
2.13±0.7a    3.82±0.9a 
0.52±0.4a    0.20±0.1a 
2.02±0.5b    4.21±0.5a 
0.74±0.3a    1.00±0.2a 
6.60±1.3b    7.4±0.6a 
0.0±0a         0.0±0a 
0.4±0.2a      0.9±0.2a 
15.54±1.8b  21.48±1.5a 
0.35±0.1a      0.32±0.1a 
2.07±1.3a      3.32±0.5a 
3.90±0.8a       5.65±0.5b 
3.66±1.0a       5.42±0.6a 
0.40±0.2a      0.52±0.1a 
7.17±1.5a      9.02±1.0a 
4.52±2.0a      4.35±2.1a 
0.57±0.2a      0.74±0.2a 
29.98±3.1a    23.48±2.6b 
 0.46±0.2a    0.32±0.1a 
3.56±1.0a     3.32±0.5a 
2.20±0.6a     1.55±0.4a 
4.63±0.9a     3.06±0.4b 
0.46±0.2a     0.26±0.1a 
7.46±1.1a     7.18±0.8a 
0.02±0a       0.02±0a 
2.00±0.6a    1.42±0.2a 
21.57±2.1a  18.10±1.1a 
  0.79±0.3a        1.01±0.2a 
  1.85±0.7b        3.24±0.6a 
  1.23±0.6a         0.89±0.2a 
  1.41±0.4a        1.69±0.3a 
  0.05±0a            0.11±0a 
  4.74±1.0a         5.47±0.6a 
  0.05±0.1a         0.14±0a 
  3.10±0.7a         3.90±0.5a 
  14.23±2.4a       18.37±1.7a 
+Analysis was based on values transformed √(log10 (x+1) +0.5).    Figures in parentheses = Number of observations. 
Means (± SE) followed by the same letter in each row for each locality are not significantly different at 5% level  
based on Ryans Q test (REGWQ). 
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Table (11)   Mean (± SE) numbers of ticks on different age groups of cattle in locality  of South Darfur in 2004 – 2005. 
Tick species                         Nyala 
< 2 ( 18)      >2 (24)          > 4 yrs (138)              
                   Edd-alferrsan 
< 2 (20)       > 2 (25)        > 4 yrs (105)              
                      Tulus 
< 2 (30)          >2 (103)         > 4 yrs (48)            
A. lepidum 
A. variegatum 
B. annulatus 
B. decoloratus 
H. dromedarii 
H. m. rufipes 
H. impeltatum 
H. truncatum 
Total ticks 
 
 
 
A. lepidum 
A. variegatum 
B. annulatus 
B. decoloratus 
H. dromedarii 
H. m. rufipes 
H. impeltatum 
H. truncatum 
Total ticks 
 
0.00±0a+        0.08±0.1a      0.13±0.1a 
1.56±1.3a     1.29±0.6a      1.78±0.4a 
2.06±1.2a     1.25±0.9a      1.93±0.6a 
1.61±0.8a     1.21±0.5a      1.48±0.3a 
0.89±0.7a     0.79±0.6a      0.36±0.1a 
6.33±1.4a     4.58±1.0a      5.02±0.5a 
13.72±5.7a   6.29±2.3a     10.45±1.4a 
1.61±0.8a     0.92±0.4a       1.34±0.2a 
28.94±6.7a   17.46±2.6a    24.54±1.7a 
                 
                   Reheid-alberdi 
    (42)            (30)              (108) 
0.64±0.2a    0.17±0.1a      0.31±0.1a 
3.21±1.0a    3.20±0.9a      3.51±0.6a 
1.60±0.5a    1.50±0.5a     1.87±0.5a 
3.14±0.7a    3.97±0.8a     3.56±0.6a 
0.45±0.3a    0.67±0.1a     0.29±0.1a 
6.07±1.2a    7.77±1.6a     7.58±0.9a 
0.02±0a       0.00±0a        0.02±0a 
1.48±0.4a    2.00±0.8a     1.53±0.3a 
17.31±2.3a 19.97±2.3a    19.63±1.3a 
1.72±0.6b     4.70±1.2a     3.30±0.4ab 
2.25±0.9a     2.44±1.0a     3.82±1.0a 
0.10±0.1a     0.84±0.6a     0.16±0.1a 
1.95±0.6a     4.32±1.2a     3.86±0.5a 
0.95±0.6a     0.60±0.3a     1.03±0.2a 
7.10±1.9a     7.24±1.5a     7.23±0.6a 
0.00±0a        0.00±0a        0.01±0a 
0.15±0.1a     0.80±0.3a     0.95±0.2a 
14.25±2.6b   21.28±2.3a   20.92±1.6a 
                
                   Umdafug 
(42)                 (58)               (78) 
0.38±0.1b     0.64±0.2ab    1.51±0.4a 
2.02±0.7a     2.66±0.7a      3.64±0.8a 
0.98±0.5a     1.47±0.4a      0.59±0.1a 
0.74±0.2b     2.28±0.5a      1.63±0.4ab 
0.07±0a        0.09±0a         0.12±0.1a 
3.90±1.1b     4.60±0.8b      6.59±0.7a 
0.14±0.1a     0.05±0a         0.15±0.1a 
3.29±0.9ab   2.44±0.5b      4.91±0.8a 
13.17±2.7a   14.93±1.1a     21.67±2.4a 
0.27±0.1a     0.34±0.1a     0.38±0.2a 
1.67±0.9a     3.18±0.9a     1.65±0.6a 
3.73±1.0a     4.50±0.6a     5.15±0.9a 
2.07±0.6a     5.05±0.7a     4.10±1.0a 
0.23±0.1a     0.57±0.2a      0.29±0.1a 
4.30±1.2b     7.51±1.0a    10.77±2.0a 
1.87±1.1a    5.60±2.4a      3.63±1.8a 
 0.27±0.1a    0.68±0.2a     0.77±0.3a 
15.20±2.8b   28.11±2.9a     27.67±3.7a 
+ Analysis was based on values transformed √(log10 (x + 1) + 0.5).     Figures in parentheses = Number of observations. 
≤ 2 = Two years old calves or less; >2 =More than two years old calves; > 4 = Cattle older than four years. 
Means (± SE) followed by the same letter in each row for each locality are not significantly different at 5% level 
based on Ryans Q test (REGWQ). 
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Table (12) Mean (± SE) numbers of ticks on cattle of different coat colour in  locality of   South Darfur in 2004 – 2005. 
Tick species                           Nyala 
Black (24)    Brown (66)     White (90)             
                   Edd-alferrsan 
Brown (40)                  White (110) 
                         Tulus 
Black (24)    Brown(43)    White(114)            
A. lepidum 
A. variegatum 
B. annulatus 
B. decoloratus 
H. dromedarii 
H. m. rufipes 
H. impeltatum 
H. truncatum 
Total ticks 
 
 
A. lepidum 
A. variegatum 
B. annulatus 
B. decoloratus 
H. dromedarii 
H. m. rufipes 
H. impeltatum 
H. truncatum 
Total ticks 
 
0.00±0a +        0.21±0.1a     0.07±0.a 
1.25±0.6a      0.50±0.2a     2.68±0.6a 
3.79±2.4a      1.39±0.5a     1.67±0.6a 
0.88±0.4a      1.48±0.4a     1.59±0.4a 
0.25±0.1a      0.31±0.1a     0.64±0.2a 
3.58±1.0a      5.62±0.8a     5.11±0.6a 
6.63±2.4a      8.38±1.6a     12.50±2.1a 
1.63±0.7a      1.20±0.3a     1.31±0.3a 
19.41±3.2a    20.43±2.0a   27.89±2.4a 
                 
       Reheid-alberdi 
Black (24)   Brown (42)     White (114)             
0.29±0.1a     0.21±0.1a      0.43±0.1a 
2.13±0.8a     3.38±0.8a      3.66±0.6a 
0.67±0.3a     3.60±1.3a      1.29±0.3a 
2.63±0.8a     4.10±0.7a      3.51±0.6a 
0.33±0.3a     0.36±0.1a      0.31±0.1a 
8.38±2.1a     7.21±1.2a      7.04±0.8a 
0.00±0a       0.02±0a         0.02±0a 
1.96±1.0a    1.69±0.4a      1.48±0.3a 
17.75±2.1a  21.74±1.9a   18.48±1.4a 
3.12±0.8a                     3.40±0.4a   
 1.80±0.7a                     3.96±1.0a 
0.13±0.1a                     0.32±0.1a    
2.90±0.5a                     3.96±0.5a    
0.65±0.2a                     1.05±0.2a    
7.32±1.0a                     7.17±0.7a    
0.00±0a                        0.01±0a       
0.93±0.2a                     0.78±0.2a    
17.85±1.5a                   20.91±1.6a 
 
                   Umdafug 
Black (36)    Brown (42)   White (100)  
1.17±0.6a     0.98±0.4a      0.88±0.2a 
3.69±1.3a     2.86±0.9a      2.70±0.6a 
0.94±0.3a     1.19±0.4a      0.88±0.3a 
1.78±0.7b     1.36±0.4a      1.69±0.3ab 
0.17±0.1a     0.12±0.1a      0.06±0.a 
4.94±1.0b     6.19±1.1a      5.07±0.6a 
0.17±0.1a     0.07±0.1a      0.12±0.a 
4.78±1.3ab   3.67±0.8a      3.37±0.5a 
20.17±3.9a   18.38±3.0a   16.11±1.7a 
0.25±0.1a     0.30±0.1a      0.37±0.1a 
1.67±0.8a     2.98±0.9a      2.54±0.8a 
4.17±1.2a     5.02±1.0a      4.44±0.5a 
3.83±1.3a     3.79±1.1a      4.60±0.7a 
0.58±0.3a     0.63±0.3a      0.34±0.1a 
5.46±1.3a     9.49±2.2a      7.72±0.9a 
1.96±0.9a     5.74±4.3a      4.50±1.7a 
 0.42±0.2a    0.93±0.3a      0.57±0.2a 
19.58±3.0a   29.51±5.1a     25.79±2.4a 
+ Analysis was based on values transformed √(log10 (x + 1) + 0.5).    Figures in parentheses = Number of observations.           
Means (± SE) followed by the same letter in each row for each locality are not significantly different at 5% level  
based on Ryans Q test (REGWQ). 
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Table (13) Mean (± SE ) monthly ratios of male to female ticks on cattle in localities of South Darfur during 2004 - 2005 
Month             A.lepidum 
                  
A.variegatum 
               
  B.annulatus 
                     
B.decoloratus 
                    
H.dromedarii 
              
H.m.rufipes 
                
H.impeltatum 
               
H.truncatum 
                
Mean Total  
       
Nyala 
 February 
 April 
 May 
 July 
 September 
 December 
      
Edd-alferrsan 
 January 
 March 
 April 
 June 
 November 
 
 Tulus           
 January 
 March 
 April 
 July 
 September 
 November 
         
            (1) 
- 
- 
- 
- 
- 
8.0 
 
       (42)  
3.6±1.3a 
4.1± 1.0a 
2.8± 0.6a 
1.9± 0.6a 
3.4± 1.7a 
 
        (4)          
- 
0.0 
- 
3.0± 1.2 
- 
- 
 
         (19) 
- 
1.7± 0.1a+ 
- 
2.1± 0.2a 
3.0± 2.0a 
- 
 
          (24)       
-- 
- 
- 
3.6± 0.5a 
- 
- 
         (23)       
- 
- 
1.0a 
2.7± 0.2a 
- 
- 
         (28) 
0.3±a 
0.0± 0.a 
0.0±0.a 
- 
0.3± 0.2a 
0.5±0.3a 
   
         (13)          
0.0±0.c 
0.1± 0.1b 
- 
0.0± 0.d 
0.5± 0.5a 
  
          (108)       
0.5±0.1a 
0.4± 0.1a 
0.4±0.1a 
0.3± 0.2a 
0.4± 0.1a 
0.3±0.1a 
        (44) 
0.3± 0.3a 
0.1± 0.a 
1.3± 1.1a 
- 
0.4± 0.3a 
 0.2± 0.1a 
 
           (93)        
0.0± 0.a 
0.2± 0.1a 
0.3± 0.1a 
0.3± 0.2a 
0.2± 0.1a 
         
          (111)       
0.6± 0.3a 
0.0± 0.a 
0.3± 0.1a 
0.3±0.2a 
0.1± 0.a 
 0.1± 0.a 
        (21)  
0.3± 0.3a 
0.9± 0.9a 
2.0± 0.4a 
- 
1.0± 0.3a 
 0.7± 0.7a           
 
       (36)       
0.3± 0.2a 
1.1± 0.2a 
1.8± 0.8a 
1.6± 0.8a 
0.5± 0.5a 
                 
         (19)       
0.0± a 
0.0± 0a 
1.4± 0a 
0. 7±0.3a 
0.0± 0a 
- 
 
        (87) 
5.8± 1.1a 
4.4± 1.2a 
2.4±0.4a 
2.0± 0.4a 
3.0± 0.6a 
 3.0± 0.6a 
            
        (98)      
2.2± 0.7a 
2.6± 0.3a 
3.3±0.5a 
3.0± 0.5a 
3.2± 1.2a 
             
       (111)      
3.0± 0.8a 
1.7± 0.3a 
3.0±0.4a 
2.7± 0.5a 
1.7± 0.3a 
 3.4± 0.3a 
 
          (91) 
3.5± 0.9a 
14± 0.5a 
0.4± 0.2a 
5.0± 3.8a 
1.6± 0.5a 
 0.8± 0.3a         
 
        (1)       
- 
0.00± 0. 
- 
- 
- 
                  
        (35)       
0.3± 0.3a 
0.8± 0.2a 
0.5± 0.5a 
2.8± 0.9a 
0.0± 0a 
 0.0± 0a            
        (29) 
3.7±1.2a 
1.4± 1.1a 
0.4± 0.2a 
0.3a 
3.9± 1.6a 
1.7± 0.7a 
      (17)        
1.0±0.a 
1.3± 0.2a 
1.5± 0.5a 
3.5± 1.6a 
1.5± 0.6a 
       (19)        
1.3±0.9a 
3.0±0.3a 
- 
1.4±0.4a 
0.6± 0.2a 
0.5±0.3a 
      (155) 
6.0±1.7a 
2.8 ±0.6a 
2.5±0.4a 
4.5± 2.2a 
2.7± 0.6a 
1.2± 0.2a 
   (141) 
2.2±0.7a 
2.3 ±0.3a 
2.7±0.4a 
2.9± 0.3a 
1.9± 0.5a 
 
    (168) 
0.9±0.2b 
1.2 ±0.3b 
1.5±0.2b 
2.3± 0.2a 
0.7± 0.1b 
0.9± 0.2b 
 
+Analysis based on values transformed √(log10 (x +1) + 0.5).  Figures in parentheses = Number of observations. - =no ticks found 
Means (± SE) followed by the same letter in each row for each locality are not significantly different at 5% level  
based on Ryans Q test (REGWQ). 
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Table (13) (Cont). Mean (± SE ) monthly ratios of male to female ticks on cattle in localities of South Darfur during 2004 - 2005 
Month             A.lepidum 
                 
A.variegatum 
               
B.annulatus 
                    
 B.decoloratus 
                         
H.dromedarii 
              
H.m.rufipes 
                
H.impeltatum 
                
  H.truncatum 
                    
MeanTotal  
         
Reheid-alberdi 
January 
February 
March 
June 
August 
November 
            
 
Umdafug           
 
January 
March 
April 
June 
August 
November 
            
       (6) 
- 
- 
1.8± 0.8 
2.0 
0.5 
0.0 
 
 
  
       (26)          
1.0± 0.6 
0.0± 0a 
2.8± 0.9 
2.6± 0.4a 
- 
1.0± 0a 
        (25) 
- 
- 
- 
9.3± 1.8 
12.0± 0.5 
0.5± 0.5 
 
  
          
   (34)       
- 
- 
8.0a 
3.3± 0.3b 
3.1± 1.2b 
- 
          (55) 
0.1±0.1a* 
0.5± 0.2a 
0.4±0.2a 
0.3± 0.3a 
0.1± 2.8a 
0.3±0.1a 
    
  
        
   (47)            
0.0±0a 
0.1± 0.1a 
0.4±0.2a 
0.3± 0.2a 
0.7± 0.7a 
0.0±0a 
           (105) 
0.1± 0.1a 
0.1± 0.a 
0.1± 0.1a 
0.3±0.1a 
0.1± 0.1a 
 0.4± 0.2a 
        
   
          
   (71)              
0.0± 0a 
0.1± 0.1a 
0.1± 0.1a 
0.1±0.1a 
0.2± 0.1a 
 0.0± 0a 
        
         (14) 
0.0± a 
0.3± 0.3a 
0.3± 0.3a 
0. ±00a 
0.6± 0.a 
 0.0± 0.a             
 
  
        
    (6)       
- 
0c 
- 
0b 
0a 
 -                
       (109) 
2.1± 0.4a 
5.4± 1.6a 
3.6±0.7a 
2.6± 0.7a 
5.8± 0.3a 
 4.5± 1.4a 
            
  
        
    (104)        
1.4± 0.4a 
2.0± 0.4a 
1.3±0.3a 
1.5± 0.2a 
1.8± 0.5a 
 1.4± 0.4a 
            
         (2) 
- 
- 
0.0 
- 
- 
 0.0                 
 
  
         
   (6)       
- 
- 
- 
- 
1.0± 0.2 
 -                 
           (47) 
1.7±0.4ab 
6.0a 
0.8± 0.3b 
1.8±0.9ab 
2.5± 0.9ab 
- 
         
  
                
    (77)        
3.7±1.2a 
2.7±0.9a 
1.5± 0.3a 
1.9±0.3a 
1.1± 0.2a 
1.0±0.4a 
        (162) 
2.0±0.5bc 
1.7 ±0.4bc 
2.9±0.7bc 
4.0± 0.6ab 
5.5± 0.9a 
1.0± 0.2c 
        
  
    
   (154) 
2.5±0.8ab 
1.7 ±0.2ab 
1.0±0.2b 
1.9± 0.3ab 
3.3± 0.8a 
1.7± 0.4ab 
 
+Analysis based on values transformed √(log10 (x +1) + 0.5).  Figures in parenthesis = Number of observations. - =no ticks found 
Means (± SE) followed by the same letter in each row for each location are not significantly different at 5% level  
based on Ryans Q test (REGWQ). 
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Table (14) Mean (± SE) numbers of ratio of male to female ticks on bulls and cows in localities of  South Darfur during 2004 - 2005 
Tick 
species           
          Nyala 
bulls (24)  Cows (156)     
    Edd-alferrsan 
 bulls (35) Cows (115) 
               Tulus 
bulls (66)    Cows (115)       
          Reheid-alberdi 
   Bulls (54)   Cows (126)    
          Umdafug 
    bulls (39)   Cows (139)    
A. lepidum 
A. variegatum 
B. annulatus 
B. decoloratus 
H. dromedarii 
H. m. rufipes 
H.  impeltatum 
H.  truncatum 
Total ticks 
 
 -                  8.0 
1.5±0.5a+    2.2±0.3a 
0.5±0.3a      0.4±0.2a 
0.1±0a         0.3±0.4a 
0.3±0.3a      1.0±0.4a        
3.5±0.8a      3.6±0.4a 
1.7±0.4a      3.0±0.8a 
3.3±1.3a      2.6±0.7a 
1.9±0.3a    3.6±0.6a 
 
2.8±1.4a     3.4±0.5a 
4.1.±0.7a    3.5±0.6a 
0.0±0a        0.1±0.1a 
0.2±0.1a     0.2±0a 
0.8±0.4a     1.1±0.3a 
3.2±0.7a     2.8±0.3a 
 -                 0.0a 
0.8±0.3a     2.1±0.5a 
2.9±0.6a     2.3±0.2a 
 
     0.0              3.0 
   2.4a               2.8±1.2a 
  0.3±0.4a         0.4±0.3 
  0.2±0.1a         0.3±0.1a 
  0.9±0a            0.6±0.1a 
  2.9±0.5a         2.3±0.2a 
  2.6±0.4a         0.9±0.2a 
  1.2±0.4a         1.2±0.4a 
  1.2±0.1a         1.3±0.1a 
 2.3±0.3         0.5±0.3 
11.3±3.7a      8.3±1.3a 
0.4±0.1a        0.3±0.1a 
0.3±0.1a        0.2±0a 
0.7±0.3a        0.3±0.2a 
4.6±1.1a        3.3±0.4a 
-                     0.02±0 
2.7±0.5a        1.4±0.4a 
2.5±0.4a      3.1±0.4a 
2.7±0.8a           2.1±0.3a 
1.8±0.4a           3.6±0.4a 
0.3±0.1a           0.3±0.1a 
0.1±0.1a           0.1±0a 
-                        0.0 
1.7±0.3a           1.6±0.2a 
1.0                    1.0±0.3a 
1.8±0.6a           1.9±0.3a 
1.6±0.2a           2.1±0.3a 
+Analysis is based on values transformed √(log10 (x + 1) + 0.5).        Figures in parentheses = Number of observations 
- = no ticks found.    Means (± SE) followed by the same letter in each row for each locality are not significantly different  
     at 5% level based on Ryan’s Q test (REGWQ). 
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Table (15) Mean (±SE) numbers of ratio of male to female ticks on cattle of different age groups in localities of South Darfur  
during in 2004 - 2005 
Tick species                         Nyala 
< 2 (18)      >2 (24)        >4 yrs (138)              
                   Edd-alferrsan 
< 2 (20)      >2 (25)       >4 yrs (105)                
                      Tulus 
< 2 (30)        >2 (103)         >4 yrs (48)              
A. lepidm 
A. variegatum 
B. annulatus 
B. decolartus 
H. dromedari 
H..m.rufipes 
H. impeltatum 
H. truncatum 
Total ticks 
 
 
A. lepidm 
A. variegatum 
B. annulatus 
B. decolartus 
H. dromedari 
H..m.rufipes 
H. impeltatum 
H. truncatum 
Total ticks 
 
-                    -                  8.0± 
0.7±0.1a+    1.7±0.3a       2.3±0.3a 
0.0±0.1a      0.6±0.5a       0.4±0.2a 
0.1±0.7a      0.1±0.1a       0.3±0.1a 
2.2±1.7a      1.6±1.1a       0.5±0.2a 
3.6±1.2a      3.8±1.0a       3.5±0.4a 
3.0±0.8a      1.3±0.3a       3.0±0.9a 
3.6±1.2a      1.8±1.2a       2.6±0.8a 
2.4±0.6a      1.9±0.3a       3.8±0.7a 
                 
         Reheid-alberdi 
<2(42)           >2(30)         >4yrs(108)              
1.5±0.5           -                 0.9±0.6 
11.0±3.7a     9.4±1.0a      8.4±1.9a 
0.3±0.1b       0.7±0.3a      0.2±0.1b 
0.1±0.1a       0.2±0.1a      0.2±0.1a 
0.7±0.3a       0.0±0a         0.3±0.2a 
3.8±1.4a       3.8±1.3a      3.6±0.5a 
-                    -                  0.0±0a 
2.0±0.5a       2.7±0.8a      1.6±0.4a 
3.2±0.7a       2.3±0.4a      3.0±0.4a 
0.6±0.5b      5.7±1.3a      3.1±0.6ab 
4.4±1.0        3.8±0.5        3.4±0.7 
0.0±0c          0.5±0.5a     0.0±0b 
0.1±0.1a       0.3±0.1a     0.2±0a 
0.9±0.6a       1.3±0.6a     1.1±0.3a 
3.1±1.0a       3.1±0.5a     2.8±0.3a 
-                    -                  0.0 
-                    1.2±0.3a      2.2±0.6a 
2.8±0.8         2.6±0.5a      2.3±0.2a 
                 
                Umdafug 
<2(42)            >2(58)         >4yrs(78)             
1.8±0.5a       1.6±0.6a        2.7±0.4a 
3.6±1.1a       2.6±0.3a        3.7±0.6a 
0.2±0.1a       0.4±0.2a        0.2±0.1a 
0.2±0.1a       0.1±0a           0.1±0a 
0.0±              0.0±               0.0± 
2.1±0.6a       1.7±0.2a        1.4±0.2a 
0.5±              1.0±               1.1±0.3a 
1.7±0.5a       2.1±0.4a        2.0±0.4a 
3.1±0.7a       1.4±0.2a        1.8±0.2a 
-                     2.0±1.5           3.0 
2.9±0.6a        2.5±0.3a         2.8±0.6a 
0.2±0.1a        0.4±0.1           0.4±0.1a 
0.1±0a           0.2±0a            0.4±0.3a 
0.3±0.3a        1.0±0.4a         0.3±0.3a 
1.4±0.4a        2.9±0.3a         2.3±0.4a 
6.1±4.0a        1.3±0.4a         0.9±0.4a 
1.5±0.5a        1.4±0.6a         0.7±0.2a 
1.0±0.2a        1.3±0.1a         1.3±0.2a 
+Analysis is based on values transformed √ (log10 (x + 1) + 0.5).     Figures in parentheses = Number of observations. 
- =no ticks found. Means (±SE) followed by the same letter in each row are not significantly different at 5% level  
based on Ryan’s Q test (REGWQ). 
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Table (16) Mean (±SE) numbers of ratio of male to female of ticks on cattle of different coat colour in localities of South Darfur during 
in 2004 - 2005 
Tick species                           Nyala 
Black (24)    Brown (66)  White (90)             
                   Edd-alferrsan 
Brown (40)               White (110)             
                         Tulus 
Black (24)     Brown (43)  White (113)             
A. lepidm 
A. variegatum 
B. annulatus 
B. decolartus 
H. dromedari 
H..m.rufipes 
H. impeltatum 
H. truncatum 
Total ticks 
 
 
A. lepidm 
A. variegatum 
B. annulatus 
B. decolartus 
H. dromedari 
H..m.rufipes 
H. impeltatum 
H. truncatum 
Total ticks 
 
  -                   8.0±              - 
2.5±0a+          1.2±0.2a       2.3±0.3a 
1.3±1.0a        0.2±0.1a       0.1±0.1a 
0.2±0.1a        0.4±0.2a       0.2±0.1a 
 -                    1.0±0.3a       0.9±0.5a 
2.7±0.9a        3.6±0.5a       3.8±0.6a 
2.5±0.8a        3.9±1.8a       2.1±0.3a 
4.6±3.8a        2.2±0.8a       2.5±0.6a 
3.1±0.7a        3.8±1.3a       3.2±0.6a 
                    
          Reheid-alberdi 
Black (24)    Brown (42) White (114)             
-                    1.0                1.1±0.5 
6.5±              8.2±2.4a       9.8±1.9a 
0.6±0.4a       0.4±0.1a       0.2±0.1a 
0.2±0.1a       0.3±0.1a       0.2±0.1a 
0.2±0.1a       0.5±0.5a       0.4±0.2a 
3.3±0.5a       3.3±0.9a       3.9±0.6a 
-                    0.0                0.0± 
2.0±0.9a       1.6±0.6a       1.9±0.4a 
3.1±0.6a       2.6±0.7a       3.0±0.3a 
3.1±1.1a                    3.3±0.5a       
4.5±1.5a                    3.3±0.5a 
0.3a                           0.1±0.1b        
0.1±0.1a                    0.2±0a       
0.6±0.2a                    1.2±0.3a        
2.7±0.3a                    2.9±0.3a         
-                                 0.0±            
1.5±0.5a                    2.0±0.6a        
2.2±0.3a                    2.5±0.2a 
                      
           Umdafug 
Black (38)   Brown (42)  White (100)            
1.6±0.4a       4.1±0.7a       1.9±0.4a 
4.0±1.2a       2.9±0.7a       3.3±0.4a 
0.5±0.3a       0.2±0.1a       0.2±0.1a 
0.2±0.1a       0.1±0.1a       0.1±0a 
0.0±              -                    0.0± 
1.1±0.2a       1.8±0.3a       1.7±0.2a 
2.0±              0.5±              0.9±0.1 
2.1±0.7a       2.5±0.6a       1.6±0.3a 
2.2±0.5a       1.7±0.3a      2.0±0.3a 
1.0±                1.5±1.5a         5.0± 
3.0±0.6a         3.1±0.5a         2.4±0.3a 
0.4±0.1a         0.5±0.1a         0.3±0.1a 
0.2±0.1a         0.1±0.1a         0.3±0.1a 
0.1±0.1a         0.8±0.5a         1.0±0.5a 
1.9±0.4a         2.3±0.4a         2.8±0.3a 
2.9±1.9a         1.0±0.4a         1.3±0.4a 
 1.0±0a           2.0±0.9a         0.8±0.3a 
1.2±0.2a         1.5±0.2a         1.2±0.1a 
+Analysis is based on values transformed √(log10 (x + 1) + 0.5).   Figures in parentheses = Number of observations. 
- =no ticks found.   Means (± SE) followed by the same letter in each row in each locality are not significantly  
        different at 5% level based on Ryan’s Q test (REGWQ). 
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June, whereas the lowest mean number (5.10±0.8) was in November. 
The mean tick abundance in June was significantly higher (P < 0.05) 
than in other months. Similarly, there was a significantly high 
abundance (P < 0.05) of ticks in November, January, and April 
compared with those of August and March (Table 6) (Fig 3). Age 
groups of cattle had no significant effect on tick load.  Nevertheless, 
adult cattle carried more ticks (21.67±2.4) than middle age group 
while the lowest load (13.17±2.7) was carried by young calves (Table 
9). The effect of animal sex on mean tick load showed no significant 
difference, but cows carried higher mean number of ticks (18.37±1.7) 
than bulls (Table 10). No significant difference (P > 0.05) was 
observed between mean ticks and host coat colour, but the highest 
mean ticks (20.17±3.9) infested cattle with brown coat colour 
followed by those of white coat colour (18.38±3.0), while the lowest 
mean ticks (16.11±1.7) were found on black animals (Table 12). 
There was a significant (P < 0.001) interaction between tick numbers 
and months (Table 7). The effect of season showed significant 
difference (P < 0.05) between August and April, while there was no 
significant difference (P > 0.05) between January, March, June and 
November (Table 13). There was no significant difference (P > 0.05) 
between ratio of male to female ticks and animal sex, coat colour, but 
there was significant difference (P < 0.05) with different age groups 
(Tables 14, 15 and 16). 
 
3.5. Some TBDs survey 
3.5.1. Theileriosis  
Examination of blood smears revealed that 13 (1.4%) out of 900 
samples from cattle were positive for Theileria spp. The highest 
prevalence rate (5.3%) was in Nyala, in Edd-alferrsan (2%) and 
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Reheid- alberdi (1.3%), while no parasites were seen in smears from 
other localities (Table 17). The highest prevalence rate (4.2%) was 
detected in November and July respectively (Table 18). With regard 
to host age, the highest prevalence (1.7%) was among animals of four 
years old and above, while the lowest incidence (1.6%) was among 
calves younger than two years old. No other blood parasites were 
detected in the blood smears.  
Serological tests for theileria annulata antibodies using ELISA 
revealed an overall prevalence of 24 (19.8%) out of 121 samples 
tested. The highest prevalence (47.6%) T. annulata antibodies was in 
Edd-alferrsan, (28.6%) in Nyala and Tulus (20%), while the lowest 
prevalence was (5%) was in Alradom and Reheid-alberdi (15%) 
(Table 19). According to the animals age group the highest 
prevalence (26%) was among animals older than four years, followed 
by middle age group (12.2%) (Table  20). 
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Table (17) Prevalence of Theileria spp in localities of South Darfur 
during 2oo4 – 2005. 
 
 
 
 
 
 
 
 
 
Locality No. of samples Positive% 
Piroplasms in blood smears 
 
Nyala 
 
 
150 
 
 
8 (5.3%) 
Edd-alferrsan 150 3 (2%) 
Tulus 150 0 
Reheid-alberdi 150 2 (1.3%) 
Umdafug 150 0 
Alradom 150 0 
Total 900 13 (1.4%) 
 
T. annulata antibodies using ELISA 
 
 
Nyala 
 
 
 
 
21 
 
 
 
 
6 (28.60%) 
Edd-elferrsan 21 10 (47.60%) 
Tulus 20 4 (20%) 
Reheid-alberdi 20 3 (15%) 
Umdafug 19 0 
Alradoum 20 1 (5%) 
Total 121 24 (19.80%) 
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Table (18) Monthly prevalence of Theileria spp based on blood 
smear examination in South Darfur during 2004 - 2005 
Month No. of samples 
examined 
No. positive (%) 
January 120 0 
February 60 0 
May 60 0 
June 120 0 
July 120 4 (3.3%) 
August 60 2 (3.3%) 
September 90 0 
October 90 2 (2.2%) 
November 120 5 (4.2%) 
December 60 0 
Total 900 13 (1.4%) 
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Table (19) Prevalence of Theileria spp among different cattle sex   in 
South Darfur during 2004 - 2005 
 
 
 
 
 
 
 
 
 
 
 
 
 
Animal sex No. of samples 
 examined 
No. positive (%) 
Piroplasms in blood smears 
 
Bulls 
 
 
278 
 
 
2 (0.7%) 
Cows 622 11 (1.8%) 
Total 900 13 (1.4%) 
 
T. annulata antibodies using ELISA 
 
Bulls 
 
 
 
18 
 
 
 
2 (11.1%) 
Cows 103 22 (21.4%) 
Total 121 4 (19.80%) 
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Table (20) Prevalence of Theileria spp among different cattle age 
groups in South Darfur during 2004 – 2005. 
 
 
 
 
 
 
 
 
 
 
 
 
cattle age No. of samples 
examined 
No. positive 
(%) 
Piroplasms in blood smears 
 
<  2 
 
 
123 
 
 
0 
2 >   246 4 (1.6%) 
4 > 531 9 (1.7%) 
Total 900 13 (1.4%) 
 
T. annulata antibodies using ELISA
 
  
< 2 7 0 
2 >   41 5 (12.2%) 
4 > 73 19 (26.0%) 
Total 121 24 (19.80%) 
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3.5.2. Ehrlichiosis  
 A total of 169 out of 408 cattle sera from the 6 localities  tested 
using Indirect ELISA MAP-1B were found positive for E. 
ruminantium antibodies with an overall prevalence of (41.4%) (Table 
21). The prevalence ranged between (51.1%) in Umdafug to (34.2 %) 
in Tulus. With regard to the seasonality of E. ruminantium and host 
sex there was a significant difference (P < 0.05) between the 
prevalence of antibodies and season of collection (Table 22). Cows 
showed higher antibodies prevalence (45.9%) than bulls (32.9), but 
there was no significant difference (P > 0.05) among different age 
groups of cattle (Table 23, 24).  
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Table (21)Prevalence of Ehrlichia ruminantium antibodies 
using indirect ELISA MAP-1B in localities of South 
Darfur during 2004 - 2005   
Locality No. of samples 
 Examined 
No. positive (%) 
Nyala 62 32 (51.6) 
Edd-elferrsan 71 32 (45.1) 
Tulus 73 25 (34.2) 
Reheid-alberdi 93 26 (28.0) 
Umdafug 47 24 (51.1) 
Alradoum 62 30 (48.4) 
Total 408 169 (41.4%) 
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Table (22) Seasonal prevalence of antibodies against E. 
ruminantium among cattle in South Darfur during 2004 - 
2005 
Month No. of samples 
examined 
No. positive (%) 
May 62 25 (40.3%) 
June 55 20 (36.4%) 
July 64 36 (56.3%) 
August 37 16 (43.2%) 
September 35 14 (40%) 
October 64 18(28.1%) 
November 91 40(44%) 
Total 408 169 (41.4%) 
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Table (23) Prevalence of E.ruminantium antibodies among 
bulls    and cows in South Darfur during 2004 – 2005.  
Animal sex No. of samples 
examined 
No. positive 
(%) 
Bulls 140 46 (32.9%) 
Cows 268 123 (45.9%) 
Total 408 169 (41.4%) 
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Table (24) Prevalence of E. ruminantium  antibodies among  
different age groups of cattle during South Darfur 
during 2004–2005.  
Animal age No. of samples 
examined 
No. positive (%) 
<  2 61 25 (41.0%) 
2  >   118 45 (38.1%) 
4  > 229 99 (43.2%) 
Total 408 169 (41.4%) 
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       CHAPTER FOUR 
DISCUSSION 
 
  South Darfur is a rich State in livestock; therefore the major 
epizootic diseases such as rinderpest, bovine pleuro-pneumonia and Foot 
and Mouth disease received a great attention. They are under control due to 
improved veterinary services (vaccination, improvement of diagnostic 
methods and raised awareness of livestock owners and pastoralists). Ticks 
and TBDs (tick – borne diseases) are very important problem that threaten 
livestock in the Sudan (El Hussein et al., 2004). In this region, there are 
different tick species which may overlap with ticks in the neighbouring 
countries due to animal movement. The present study area lies between 
semi-desert zone in the north and the woodland savanna in the south, with an 
annual rainfall of 400 – 1000 mm occurring between June and October.  In 
the last century, there were many environmental changes that occurred and 
affected distribution of ticks and TBDs due deforestation, desertification and 
misuse of land that established large mechanized schemes and farms and 
extensive animal movement due to drought and civil conflicts (Hassan and 
Salih, 2003). However, no systematic survey on ticks and TBDs in South 
Darfur has been conducted since 1970´s (Osman et al., 1977, 1978). The 
present study revealed fifteen tick species infesting cattle in the five selected 
localities namely, Nyala, Edd-alferrsan, Tulus, Reheid-alberdi and Umdafug. 
This results are compable to those previously reported in Darfur (Osman et 
al., 1977, 1978; Salih, 2003; Abdallah, 2005).  
Population density of the identified tick species in the five localities was 
variable. The highest mean total ticks were recorded in Tulus, while the 
lowest mean was in Umdafug. This difference may be attributed to cattle 
density in Tulus in the dry and wet seasons and to the vegetation cover along 
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the banks of Tulus Stream. The majority of tick species were found in all 
studied area. However, some of them were higher in some areas, and lower 
in others. For instance, H. impeltatum was abundant in Nyala, while it was 
scarce in Edd-alferrsan. This might be owing to the fact that sheep are reared 
intensively around Nyala. Similarly Osman (1978) recorded this tick species 
in South Darfur from areas where sheep were reared. It was usually found in 
arid and semi-arid region. Boophilus spp were also higher in Tulus and 
lower in Nyala and Umdafug. It could be attributed to the favourable 
environmental conditions prevalent and other factors such as vegetation, 
host density and climate which determines ticks distribution (Tatchell and 
Easton, 1986). The dominant tick species in all the localities was H m. 
rupfipes. This tick species is rare in arid zone particularly where intensive 
system of husbandry is practiced (Taha, K.M, personal communication). It 
worth mentioning that all tick species were observed to increase in the rainy 
season and this was due to the suitable environmental conditions for 
development and survival.  However, it was noticed that in some localities 
there was decreased tick abundance during continuous heavy rains in 
August. This could be due to water flushing of different tick stages from 
their microhabitats. Tatchell and Easton (1986)  pointed out that heavy rains 
usually wash larvae from their questing positions at the tips of grass blades 
and thus hindering host finding.  
Ambylomma spp. were found in all localities with a variation in their total 
numbers. In the Sudan, A. lepidum was found abundant in eastern parts of 
country from Torit and Kaepoetea in the south as far as Kassala State in the 
north (Osman and Hassan, 2003). In the current study, A. lepidum was 
identified in all the localities with higher prevalence in dry and wet seasons. 
Osman (1978) in this studies in Darfur found males only in his collection 
from three areas. This may indicate that this species has spread from eastern 
Sudan to the far western parts and has established and widely distributed in 
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the State. Males were prevalent throughout the year, while females were 
usually present at the end of the dry hot months and reached peaks during 
the rainy seasons.  Thereafter, they started to decrease and became absent in 
the dry hot season. This finding coincides with that of Osman et al. (1982) 
who observed in Kordofan that A. lepidum reached a peak in the rainy 
season. Walker et al. (2003) reported that A. lepidum occurs in a wide 
variety of climatic zones, from temperate highlands to savanna and desert, 
but it is common in the arid habitats with rainfall of 250 – 750 mm. A. 
variegatum is similar to A. lepidum in its seasonal dynamics. The study 
reveales that A. variegatum is more nurmeous than A. lepidum in South 
Darfur  campared to Kordofan as reported by (Sowar, 2002) and Blue Nile 
(Mohamed, 2002).  It is not known as per the current survey whether this 
species exists in Northern Darfur. In the month proceeding rainfall, large 
numbers of A. variegatum males were found, but with small numbers of 
females. In the following rainy season, a slight increase in males occurred 
with a sharp increase in numbers of females. The pattern of both Boophilus 
spp was similar to that of A. variegatum.  
Both B. decoloratus and B. annulatus were found in all localities, with 
a high mean number during wet and dry cool seasons. This result is similar 
to that of Osman (1978) who found B. decoloratus and B. annulatus, but he 
recorded B. annulatus, only from two localities, while in the current survey, 
they were reported in all localities as a result of their spread out due to 
animal movement and favourable conditions. This is also a confirmation that 
B. annulatus,is continuously spreading in  northward direction as reported 
by Hassan and Salih (2003). These species are more active in cool relatively 
dry period (Hoogstraal, 1956; Osman et al., 1982). Although B. geigyi was 
reported in Central Republic of Africa (Walker et al., 2003), but it was not  
found in this survey. It is difficult to explain its absence in this region. This 
species has been reported in the Sudan on only one occasion among ticks 
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collected from Southern Sudan (Jongejan et al. 1987), probably due to an 
accidental introduction from Uganda where this species is prevalent. 
 Hyalomma a. anatolicum was found only in  Nyala. Similarly Osman 
(1978) collected H. a. anatolicum in Darfur from a donkey on a single 
occasion. This finding indicates that this species has established in Nyala, 
but has not yet spread out. The current study is in line with those reported by 
Salih (2003) and Abdallah (2005), who found a few ticks of this species in 
Nyala. This result could be attributed to the introduction of Friesian cattle 
and their crosses from H. a. anatolicum infested area such as Khartoum and 
Central Sudan into South Darfur region. However, this species was not 
found in other localities with the exception of Umdafug where only one 
male was found. Introduction of H. a. anatolicum with Theileria annulata 
into a non-endamic area such as South Darfur is alarming. Strict tick control 
measures on introduced cattle should be adopted. 
 Hyalomma. m. rufipes was the most dominant tick in all localities 
throughout the year followed by H. impeltatum which was found throughout 
the year in Tulus and Nyala, while in other localities it was only found in 
wet seasons. These findings may be owing to H. impeltatum adaptability to 
dry zones. Similarly, H. dromedarii was found in large numbers in Tulus 
and Nyala in the dry hot months and lower numbers in dry cool months, 
while in other localities it was in low numbers. This might be due to cattle 
contact with camels and sheep in Nyala and Tulus. El Ghali (2005) found 
that the main tick species infesting camels in Edamer province was H. 
dromedarii (89%) followed by H. impeltatum. Osman et al. (1982) reported 
that H. impeltatum was the most common ticks of sheep in the arid area of 
Kordofan. The presence of H. truncatum and H. impressum in high numbers 
in Umdafug may be attributed to the favourable climatic conditions, whereas 
in Nyala this could be due to the high density of livestock brought from 
different localities for trade including south west of the region. The fact that 
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H. impressum is prevalent in all the localities and not reported in central and 
eastern parts of the Sudan (Jongejan et al., 1987; Mohamed, 2002.; El Ghali, 
2005) indicate that this West African tick species is not spreading out in the 
eastern direction. H. detritum was not found in the current survey although 
Hoogstraal (1956) found in it in this area. Osman (1978) also did not find 
this tick species in the Region. Probably, it has disappeared due to some 
climatic changes. 
   Rhipicephalus species were found in low numbers in this survey. This 
may be due to the unfavourable climatic conditions as this tick is usually 
regulated or governed by the humidity, vegetation types and the length of 
rainy season (Hoogstraal, 1956). The highest tick numbers found were R. e. 
evertsi, R. muhsamae and R. sanguineus sanguineus, while the lowest tick 
numbers were R. guilhoni and R. praetextatus. This coincides with the 
finding of Osman  (1978) in South Darfur in the case of R. e. evertsi, R. 
guilhoni and R. s. sanguineus which were collected from sheep, goats and 
dogs. Feeding of the latter tick on cattle may be due to keeping large 
numbers of dogs in close proximity to cattle. On the other hand, R. sulcatus 
and R. turanicus were not found in this study, although some species that 
belong to R. simus group (R. muhsamae and R. praetextatus) have been 
reported in the current survey. The prevalence of West African tick species 
R. muhsamae in relatively large numbers is an indication that it is spreading 
in the eastern direction. With the exception of R. e. evertsi and R. s. 
sanguineus which were found in all localities, other Rhipicephalus species 
were restricted to the borders of localities, and this might be attributed to the 
fact that cattle come into contact with those from West African countries 
owing to the pastoralists migration in the dry seasons.  
  The effect of cattle ages on ticks burden showed that young calves 
carried low numbers of ticks than old in all localities, with the exception of 
Nyala where young animals were found to carry higher numbers of ticks. 
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These results are in line with those of Rechav (1991), Hassan (1997), El 
Imam (1999) and Okelo-Onen et al. (1999). This might be attributed to 
different management systems in Nyala where young calves spend all year 
grazing nearby homesteads in close proximily to Nyala Stream, where 
microhabitats are suitable for survival and development of ticks. In other 
localities young animals are also kept around homesteads where 
microhabitats are unfavourable. On the contrary, Latif et al. (1991a) found 
no difference between numbers of ticks carried by yearling calves (12 – 18 
months old) and old cattle. On the other hand, cattle coat colour could affect 
ticks load. Cattle with black coat colour were infested by the lowest number 
of ticks. These findings were similar to those reported by Hassan (1997) 
who found that animals with white coat colour usually were infested by high 
tick numbers followed by animals with brown coat colour, while animals 
with black coat colour carried the lowest tick numbers. This could be 
attributed to the relatively raised temperature of the host's skin environment 
that generated by dark coat colour. Furthermore, this might be true 
attractiveness of the light colour for same tick spp. However, no correlation 
between ticks load and animal coat colour was reported by de Cartro et al. 
(1991) in Boran bulls infested by Boophilus microplus. 
 To date, a few studies have been carried out on tick- borne diseases in 
South Darfur. Some of these diseases that are transmitted by ticks play an 
important role in livestock production and of socio- economic importance in 
the region. Previous studies on Ehrlichia ruminantium in the Sudan (Karrar, 
1960; Karrar, 1966; Jongejan et al., 1984) depended on conventional 
diagnostic methods for isolation of the organism. Most of these studies have 
been carried out on sheep and goats with little information on cattle. This 
could be due to cattle resistance, virulence of the organism or continuous use 
of antibiotics. In South Darfur, there is scanty information on the incidence 
and distribution of E. ruminantium on domestic animals. The first 
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serological studies conducted to detect antibodies in sheep, goats and cattle 
were carried out by Abdelrahman et al. (2003), Abdelrahman (2006) and 
Mohammed (2004). Abdelrahman, (2006) reported E. ruminantium in sheep 
and goats, while Musa et al. (1996) and Abdel-Wahab et al. (1998) 
described the disease in cattle. In the present survey, MAP-IB ELISA was 
used for the first time in South Darfur to detect E. ruminantium antibodies in 
cattle sera. The study revealed that cattle of South Darfur were exposed to 
infection with E. ruminantium in the field by Amblyomma species. This 
study showed that 169 (41.4%) out 408 of cattle were positive for E. 
ruminantium. This is similar to that reported by Abdelrahman (2006) who 
found in Kassala State (39.2%), Gedarif (36.5%) and Blue Nile (40.4%) 
prevalence rates in sheep. He also found 75% and 67.5 % of E. ruminantium 
antibodies in sheep and goats, respectively in South Darfur. Similarly, 
Mohammed (2004) recorded 76.6% of E. ruminantium antibodies in sheep 
and goats in Sennar area.  
 In the current study, prevalence rates of E. ruminantium varied from a 
locality to another. The highest prevalence was 51.1% in Umdafug, 50.8%, 
in Nyala, 48.4% in Alradoum and 46.3% in Edd-alferrsan. The lowest 
prevalence was in Reheid-alberdi 27.7 % and Tulus 33.7%. This finding 
may be attributed to the high abundance of the two vectors A. variegatum 
and A. lepidum. The high prevalence of antibodies in July and November 
may be due to the high abundance of the vector during these periods. In July 
(the rainy season) there is an increase in the adult tick population, whereas in 
November there is high nymphal population. This result agreed with 
Mohammed (2004) who reported that the highest level of E. ruminantium 
antibodies in sheep was during the rainy season and in winter. The results 
also revealed that high a level E. ruminantium antibodies was detected in 
cattle of four years old particularly females. The finding of E. ruminantium 
antibodies in all the localities was not surprising because A. variegatum and 
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A. lepidum were widespread, with variation in abundance according to 
seasonality and ecology. However, detection of E. ruminantium antibodies 
in apparently healthy animals may indicate that these animals might have 
resistance against the disease. Osman (1976) stated that indigenous breeds 
have resistance under natural conditions while Musa et al. (1996) pointed 
out that E. ruminantium outbreaks in the region were due to some stress such 
as long distance trekking, malnutrition and scarcity of water and food. 
However, outbreaks of heartwater among zebu cattle in Africa hardly occur 
(Hassan, S. M, personal communication).      
 There is scantly information about theileriosis in South Darfur. This 
survey showed that prevalence of Theileria spp. Piroplasms was 13 (1.4%) 
out of 900 of cattle and antibodies were 24 (19.8%) out of 121 of cattle 
using blood smear (BS) and ELISA, respectively. This is similar to previous 
studies carried out by Salih (2003) who reported 8 (3.9%) and 13 (6.3%) 
positive to Theileria spp.piroplasms and antibodies in Nyala using BS and 
ELISA, respectively and similar to Abdallah (2005) who found that 
Theileria spp in BS in South Darfur were 2.8% in Nyala, 2.3% in Tulus and 
6.5% in Reheid-alberdi. In the current study, using BS the highest 
piroplasms prevalence of 5.3% was in Nyala, followed by 2% in Edd-
alferrsan and 1.2% in Reheid-alberdi, while no piroplasms were reported in 
Tulus and Umdafug. It is probably that these piroplasms were due to T. 
mutans infections which are non pathogenic to cattle and transmitted by A. 
lepidum in the Sudan (Morzaria et al. 1981).  Theileria annulata incidence 
was not surprising because it is well correlated with distribution of the 
vector H. a. anatolicum. The presence of the disease in Edd-alferrsan and 
Reheid-alberdi was interesting, in the absence of H. a. anatolicum. Probably 
other vectors such as H. dromedarii and H. impeltatum may play a role in 
transmission. Nevertheless, outbreaks due to tropical theileriosis are not 
reported in the region a fact which supports the assumption that there is a 
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serological cross reaction with T. mutans. This is in line with that of FAO 
(1983) who detected T. annulata and T. mutans antibodies using indirect 
fluorescent assay (IFA) test in sera from areas of T. parva in Bahr elghazal, 
Jongelei and Equatoria where H. a. anatolicum does not exist.  Further 
studies should be conducted to clarify the situation. 
  The fact that females showed higher prevalence of T. annulata  
antibodies than male is also interesting. This may be due to the size of 
samples or to the finding that the load of ticks was more on cows than bulls. 
This finding agrees with that of Salih (2003) who reported that T. annulata 
antibodies were high in female than male cattle. With regard to animal age 
group, the study revealed that cattle of four years and more had higher 
prevalence of T. annulata antibodies. This result may indicate that host age 
is a risk factor. This finding also agrees with Darghouth (1996) who 
concluded that older cattle in Tunisia had more sero-positivity than younger 
ones. The effect of the season on prevalence of T. annulata antibodies 
showed high level in July and November which coincided with the high 
abundance of the vectors in the rainy season and winter season. 
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CONCLUSIONS AND RECOMMENDATIONS 
  
  The objective of this survey was to study distribution and population 
dynamics of ixodid ticks and tick borne diseases on cattle in South Darfur 
State. The study revealed that ticks are prevalent in the surveyed area 
including different species which may be incriminated in transmission of 
diseases to animals and human. Therefore, it is recommended to study tick 
distribution and population dynamics in other parts of the State on domestic 
and wild animals. On the other hand, introduction of H. a. anatolicum into 
the State should be alarming and the movement of domestic animals from an 
endemic area into the State should allowed without spraying the animals and 
treating TBDs. Since H. a. annatolicum is found in only one locality every 
effort should be made to prevent its  spread to other localities.  
  In the present, study  Theileria species piroplasms and antibodies against 
T. annulata were detected in some localities where tropical theileriosis has 
not been recorded. Therefore, it is recommended to determine Theileria spp 
and their infection rates in domestic animals and in tick species using 
molecular biological techniques such as reverse line blot.  
 The study revealed that E. ruminantium antibodies are widespread among 
cattle. This needs further studies on other animals particularly sheep and 
goats and to determine infection rates in Amblyomma spp.   
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Appendix 1: Composition of ELISA reagent and buffers 
For E. ruminantium 
1. Antigen (MAP-1B) 
2. Coating buffer (pH 9.6) 
a. Sodium carbonate   
b. Sodium bicarbonate  
 
3. Blocking buffer (PBSTM) PH 7.2: 
a. PBS. 
b. 0.1% Tween  20. 
c. 1% skimmed milk. 
 
4. Washing buffer (PBST) PH 7.2: 
a. PBS. 
B. 0.1% Tween 20. 
 
5. Diluent buffer: 
a. PBS. 
b. 0.1% Tween 20. 
c. 1% Skimmed milk. 
 
6. Conjugate: 
HRP - Rabbit anti-bovine Immunoglobulin with horseradish peroxidase 
(HRP). 
 
7. Substrate: 
 122
Citrate phosphate buffer and ABTS 2,2- azinobis (3- ethylbenzthiazoline 
sulfonic acid). 
 
8. Stopping solution:  
     H2SO4 
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Appendix 2: Composition of ELISA reagent and buffers 
For Theileria annulata 
 
1. Antigen (Tasp) Theileria annulata 
 
2. Coating buffer (pH 9.6) 
a. Sodium carbonate   
b. Sodium bicarbonate  
 
3. Washing buffer (PBS): 
a. Phosphate buffered saline (PBS). 
 
4. Blocking buffer (PH 7.4): 
a. PBS. 
b. 0.1% Tween  20. 
c.  3% skimmed milk. 
 
5. Washing buffer (PBST): 
a. PBS. 
B. 0.5% Tween 20 
 
6. Diluent buffer: 
a. PBS. 
b. 0.1% Tween 20. 
c. 1% Skimmed milk 
 
7. Add M15 (anti E. coli). 
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8. Conjugate: 
HRP - Rabbit anti-bovine Immunoglobulin with horseradish peroxidase 
(HRP). 
 
9. Substrate: 
Chromogen solution (substrate solution + TMP) 
 
10. Stopping  
H2SO4 
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Appendix ANOVA, R-square(R), coefficient variance (CV), mean square (MS) 
and  F values of ticks from cattle in localities of South Darfur  during 
2004-2005  
Ticks species             R. Square      C.V        MS  F value 
Nyala 
Amblyomma lepidum 
Amblyomma variegatum 
Boophilus annulatus 
Boophilus decoloratus 
Hyalomma dromedarii 
Hyalomma .m.rufipes 
Hyalomma impeltatum 
Hyalomma truncatum 
Total ticks 
 
Edd-alferrsan 
Amblyomma lepidum 
Amblyomma variegatum 
Boophilus annulatus 
Boophilus decoloratus 
Hyalomma dromedarii 
Hyalomma .m.rufipes 
Hyalomma impeltatum 
Hyalomma truncatum 
Total ticks 
 
Tulus 
Amblyomma lepidum 
Amblyomma variegatum 
Boophilus annulatus 
Boophilus decoloratus 
Hyalomma dromedarii 
Hyalomma m.rufipes 
Hyalomma impeltatum 
Hyalomma truncatum 
Total ticks 
 
 
0.07 
0.40 
0.32 
0.31 
0.04 
0.17 
0.38 
0.18 
0.06 
 
 
0.247 
0.63 
0.07 
0.19 
0.21 
0.20 
0.03 
0.15 
0.24 
 
 
0.16 
0.57 
0.27 
0.24 
0.12 
0.21 
0.48 
0.11 
0.33 
 
 
8.32 
18.20 
20.25 
19.44 
15.43 
22.42 
24.04 
19.58 
18.40 
 
 
18.71 
16.97 
12.10 
21.02 
17.10 
18.83 
2.19 
17.27 
9.84 
 
 
12.67 
16.55 
21.85 
21.69 
14.50 
20.55 
19.09 
16.75 
12.81 
 
 
0.00 
0.25 
0.20 
0.18 
0.11 
0.17 
0.60 
0.10 
0.06  
 
 
0.18 
0.60 
0.01 
0.17 
0.09 
0.18 
0.00 
0.06 
0.09  
 
 
0.03 
0.42 
0.24 
0.23 
0.03 
0.21 
0.39 
0.04 
0.23 
 
 
1.2ns 
11.7*** 
8.1*** 
7.5*** 
0.8ns 
3.4*** 
10.3*** 
3.62*** 
1.1ns  
 
 
5.47*** 
29.48*** 
1.38ns 
4.24*** 
4.81*** 
4.41*** 
0.59ns 
3.16** 
3.49***  
 
 
3.3*** 
22.3*** 
5.4*** 
5.4*** 
2.4*** 
4.4*** 
16.0*** 
2.3* 
8.3*** 
  
*P≤ 0.05                   **P≤ 0.01                    ***P≤ 0.001         ns= not significant 
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Appendix  Cont. ANOVA, R-square(R), coefficient variance (CV), mean square 
(MS), and F values of half body collected ticks from cattle in localities of 
South Darfur 
Ticks species             R.Square      C.V        MS  F value 
Reheid-alberdi 
Amblyomma lepidum 
Amblyomma variegatum 
Boophilus annulatus 
Boophilus decoloratus 
Hyalomma dromedarii 
Hyalomma .m.rufipes 
Hyalomma impeltatum 
Hyalomma truncatum 
Total ticks 
 
Umdafug 
Amblyomma lepidum 
Amblyomma variegatum 
Boophilus annulatus 
Boophilus decoloratus 
Hyalomma dromedarii 
Hyalomma .m.rufipes 
Hyalomma impeltatum 
Hyalomma truncatum 
Total ticks 
 
 
0.12 
0.63 
0.26 
0.14 
0.08 
0.11 
0.05 
0.33 
0.13 
 
 
0.38 
0.66 
0.17 
0.14 
0.12 
0.24 
0.21 
0.33 
0.29 
 
 
13.46 
16.02 
20.39 
22.04 
13.01 
20.82 
3.42 
18.31 
13.94 
 
 
15.51 
15.68 
18.44 
20.71 
7.72 
19.13 
8.42 
19.57 
16.20 
 
 
0.02 
0.62 
0.17 
0.12 
0.01 
0.10 
0.00 
0.20 
0.08  
 
 
0.16 
0.59 
0.07 
0.08 
0.01 
0.20 
0.02 
0.28 
0.26 
 
 
2.3* 
29.7*** 
6.0*** 
2.7** 
1.4ns 
2.1* 
0.8ns 
8.4*** 
2.6**  
 
 
10.2*** 
32.5*** 
3.34*** 
2.74** 
2.2* 
5.3*** 
4.4*** 
8.2*** 
6.8*** 
  
*P≤ 0.05                    **P≤ 0.01                    ***P≤ 0.001         ns= not significant 
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 اﻟѧﻰ ﻣѧﺎﻳﻮ 4002اﺟﺮﻳﺖ هﺬة اﻟﺪراﺳﺔ ﺑﻮﻻﻳѧﺔ ﺟﻨѧﻮب دارﻓѧﻮر ﺧѧﻼل اﻟﻔﺘѧﺮة ﻣѧﻦ ﻳﻮﻧﻴѧﻮ   
رﻩ وﻣﻌﺮﻓѧﺔ اﻻﻣѧﺮاض ﺑﻐﺮض ﻣﻌﺮﻓﺔ اﻧﻮاع اﻟﻘﺮاد ﻋﻠﻰ اﻻﺑﻘﺎر وﺗﻮزﻳﻌﻪ وﻣѧﺪى اﻧﺘѧﺸﺎ ، 5002
وﻗѧѧﺪ اﺧѧѧﺬت اﻟﻌﻴﻨѧѧﺎت ﻣѧѧﻦ اﻻﺑﻘѧѧﺎر اﻟﻤѧѧﺴﺘﻘﺮﻩ وﺷѧѧﺒﻪ اﻟﻤѧѧﺴﺘﻘﺮﻩ ، اﻟﺘѧѧﻰ ﻳﻨﻘﻠﻬѧѧﺎ واﻧﺘѧѧﺸﺎرهﺎ ﺑﺎﻟﻮﻻﻳѧѧﺔ 
ﺑﻤﻨﺎﻃﻖ اﻟﺪراﺳѧﺔ ﻣѧﻊ اﻻﻟﺘѧﺰام ﺑﻌѧﺪم اﺳѧﺘﺨﺪام ﻣﺒﻴѧﺪات و ادوﻳѧﺔ ﻣﻜﺎﻓﺤѧﺔ اﻟﻘѧﺮاد ﻓѧﻰ اﻟﻤﺠﻤﻮﻋѧﺎت 
 4 < و 2 > ، 2 >اﻟﻤѧﺴﺘﻬﺪﻓﺔ وﻗѧﺴﻤﺖ آѧﻞ ﻣﺠﻤﻮﻋѧﺔ ﺣѧѧﺴﺐ اﻻﻋﻤѧﺎر اﻟѧﻰ ﺛﻼﺛѧﺔ ﻣﺠﻤﻮﻋѧѧﺎت  
، ﻋѧﺪ اﻟﻔﺮﺳѧﺎن ، ﻧﻴѧﺎﻻ ) وﺗﻢ ﺟﻤﻊ اﻟﻘﺮاد آﻞ ﺷﻬﺮﻳﻦ ﻋﻠﻰ ﻣﺪى ﻋѧﺎم ﻣѧﻦ ﺧﻤѧﺲ ﻣﻨѧﺎﻃﻖ ، ﺳﻨﻮات
، اﻇﻬѧѧﺮت اﻟﺪراﺳѧѧﺔ وﺟѧѧﻮد ﺧﻤѧѧﺲ ﻋѧѧﺸﺮة ﻧѧѧﻮع ﻣѧѧﻦ  اﻟﻘѧѧﺮاد . رهﻴѧѧﺪ اﻟﺒѧѧﺮدى و ام داﻓѧѧﻮق ، ﺗﻠѧѧﺲ
   -:واﻻﻧﻮاع اﻟﺘﻰ ﺳﺠﻠﺖ هﻰ
 mucilotana ammolayH ,mutageirav .A ,mudipel ammoylbmA
 .H ,sepifur mutanigram .H ,mutatlepmi .H ,iirademord .H ,mucilotana
 ,sutaroloced .B ,sutalunna sulihpooB ,mutacnurt .H ,musserpmi
 .R ,eamashum .R ,inohliug .R ,istreve istreve sulahpecipihR
 .sueniugnas sueniugnas .R dna sutatxetearp
ﻟﻘﺮاد ﻋﻠﻰ اﻟﺤﻴѧﻮان ﺣﻴѧﺚ ﻇﻬѧﺮ ان اوﺿﺤﺖ اﻟﺪراﺳﺔ ان ﻋﻤﺮ اﻟﺤﻴﻮان ﻟﻪ ﺗﺎﺛﻴﺮ ﻋﻠﻰ أﻋﺪاد  ا 
وﻣѧﻦ ، ﻧѧﺎت ﺻѧﻐﻴﺮة اﻻﻋﻤѧﺎر ا اﻟﺤﻴﻮاﻧﺎت آﺒﻴﺮة اﻟﻌﻤﺮ ﻳﻮﺟﺪ ﺑﻬѧﺎ اﻟﻘѧﺮاد ﺑﻜﺜﺎﻓѧﺔ اآﺒѧﺮ ﻣѧﻦ اﻟﺤﻴѧﻮ 
آﻤѧﺎ ﺗﻼﺣѧﻆ  . ﻧﺎﺣﻴﺔ اﺧﺮى وﺟﺪ ان اﻟﻘﺮاد ﻳﺘﻄﻔﻞ ﻋﻠﻰ اﻻﺑﻘѧﺎر اﻻﻧѧﺎث ﺑﺎﻋѧﺪاد اآﺜѧﺮ ﻣѧﻦ اﻟﺜﻴѧﺮان 
  .ﻻﺧﺮىان اﻟﻘﺮاد ﻳﺘﻮاﺟﺪ ﺑﻜﺜﺎﻓﻪ اﻋﻠﻰ ﻓﻰ ﻓﺼﻞ اﻟﺨﺮﻳﻒ ﻣﻘﺎرﻧﺔ ﺑﺎﻟﻔﺼﻮل ا
ﻣѧﻦ ﻧﻔѧﺲ اﻟﻤﻨѧﺎﻃﻖ ﺑﺎﻻﺿѧﺎﻓﺔ اﻟѧﻰ اﻟѧﺮدوم ، ﺟﻤﻌﺖ اﻳﻀﺂ ﻣﺴﺤﺎت دﻣﻮﻳѧﺔ واﻣѧﺼﺎل ﻣѧﻦ اﻻﺑﻘѧﺎر 
 pps aireliehT .ﺣﻴѧѧﺚ اوﺿѧѧﺤﺖ اﻟﻤѧѧﺴﺤﺎت وﺟѧѧﻮد ﻃﻔﻴѧѧﻞ ، ﻟﻐѧѧﺮض اﻟﻔﺤѧѧﺺ اﻟﻤﺨﺒѧѧﺮى 
وﺑﺎﺳѧﺘﺨﺪام ، %3.5()ووﺟﺪ اﻋﻠѧﻰ ﻣﻌѧﺪل ﻟﻠﻄﻔﻴѧﻞ ﺑﻤﻨﻄﻘѧﺔ ﻧﻴѧﺎﻻ ،  ﻋﻴﻨﺔ009 ﻣﻦ  31 )%4.1(
 atalunna aireliehT اﻻﺟѧﺴﺎم اﻟﻤѧﻀﺎدة ﻟﻄﻔﻴѧﻞ  ﻇﻬѧﺮ وﺟѧﻮد  ASILE اﻻﺧﺘﺒﺎر اﻟﻤﺼﻠﻰ 
واﻋﻠѧﻰ ﻣﻌѧﺪل ﻟﻼﺟѧﺴﺎم اﻟﻤѧﻀﺎدة وﺟѧﺪ ﻓѧﻰ ﻋѧﺪ ،  ﻋﻴﻨѧﺔ 121ﻣѧﻦ ﻣﺠﻤѧﻮع   42 )% 8.91(  ﻓﻰ
ﻣѧﻦ ﻧﺎﺣﻴѧﺔ اﺧѧﺮى اوﺿѧﺤﺖ ﻧﺘѧﺎﺋﺞ اﻟﻔﺤѧﺺ اﻟﻤѧﺼﻠﻰ اﻧﺘѧﺸﺎر اﻻﺟѧﺴﺎم ، (  )%6.74اﻟﻔﺮﺳѧﺎن
واﻋﻠѧﻰ ،  ﻋﻴﻨѧﺔ 804 ﻟﻤѧﺮض اﻟﺨѧﺪر ﻓѧﻰ اﻻﺑﻘѧﺎر ﻣѧﻦ ﻣﺠﻤѧﻮع  961 )%4.14( اﻟﻤѧﻀﺎدة ﻓѧﻰ 
  (.% 1.15)ﻣﻌﺪل اﻧﺘﺸﺎر ﺳﺠﻞ ﻓﻰ ام داﻓﻮق
وان ﻣﻮﺳѧﻢ ارﺗﻔѧﺎع ﻣﻌѧﺪل ، اﻇﻬѧﺮت  اﻟﺪراﺳѧﺔ ان ﻋﻤѧﺮ اﻟﺤﻴѧﻮان ﻳﻠﻌѧﺐ دورا ﻓѧﻰ ﺧﻄѧﻮرة اﻟﻤѧﺮض
. اﻻﻣﺮاض اﻟﻤﺬآﻮرة ﻳﺘﻨﺎﺳﺐ ﻃﺮدﻳﺎ ﻣﻊ ﻣﻌﺪل اﻧﺘﺸﺎر ووﺟﻮد اﻧﻮاع اﻟﻘﺮاد اﻟﻨﺎﻗﻠѧﺔ ﻟﻠﻤѧﺮض اﻟﻤﻌﻨѧﻰ 
 ammolayH(راﺳѧѧﺔ ان ﻣѧѧﺪى اﻧﺘѧѧﺸﺎر اﻟﻘѧѧﺮاد ﻣѧѧﻦ ﻧѧѧﻮع هﻴﻠﻮﻣѧѧﺎ اﻧѧѧﺎﺗﻮﻟﻴﻜﻢ اﻧѧѧﺎﺗﻮﻟﻴﻜﻢ ﺧﻠѧѧﺼﺖ اﻟﺪ
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،   ﺑﺎﻟﻮﻻﻳﺔ ﻳﺘﺰاﻳѧﺪ ﺧﺎﺻѧﺔ ﻣѧﻊ ﺣﺮآѧﺔ اﻟﺤﻴﻮاﻧѧﺎت ﻣѧﻦ واﻟѧﻰ اﻟﻮﻻﻳѧﺔ )mucilotana mucilotana
ﻟﻄﻔﻴѧﻞ  وهѧﻮ ﻳﻌﺘﺒѧﺮ اﻟﻨﺎﻗѧﻞ اﻟﺮﺋﻴѧﺴﻰ  ،وان وﺟﻮدﻩ ﻣﺆﺷﺮ ﺧﻄﺮﻟﺬا ﻳﺠﺐ اﻟﺤﺪ ﻣﻦ اﻧﺘѧﺸﺎرﻩ وﻣﻜﺎﻓﺤﺘѧﻪ 
  )atalunna aireliehT(.اﻟﺜﻠﻴﺮﻳﺎ اﻧﻴﻮﻻﺗﺎ 
 ﺗﻮﺻﻰ اﻟﺪراﺳﺔ  ﺑﻤﺰﻳﺪ ﻣﻦ اﻟﺒﺤﻮث واﻟﺪراﺳﺎت ﻟﻠﻘﺮاد واﻧﻮاﻋﻪ ﻓﻰ اﻟﺤﻴﻮاﻧﺎت اﻟﻤﺨﺘﻠﻔﺔ اﻟﻤﺴﺘﺄﻧѧﺴﻪ 
ﻣﻨﻬѧﺎ واﻟﻮﺣѧﺸﻴﺔ واﻻﻣѧﺮاض اﻟﻤﺮﺗﺒﻄѧﺔ واﻟﻤﺘﻨﺎﻗﻠѧﺔ ﺑѧﺎﻟﻘﺮاد ودراﺳѧﺔ اﻻﺛѧﺎر اﻻﻗﺘѧﺼﺎدﻳﺔ ﻟѧﻪ وﻟﻄѧﺮق 
ﻤﻴѧﻊ اﻧѧﻮاع اﻟﻘѧﺮاد آﻤﺎ ﺗﻮﺻﻰ  ﺑﻮﺿﻊ اﺳﺘﺮاﺗﻴﺠﻴﻪ وﺧﻄﻂ  ﻟﻠﻤﻜﺎﻓﺤﺔ واﻟﺤﺪ ﻣѧﻦ اﻧﺘѧﺸﺎر ﺟ ، ﻣﻜﺎﻓﺤﺘﻪ
   واﻻﻣﺮاض اﻟﻤﻨﻘﻮﻟﺔ ﺑﻮاﺳﻄﺘﻪ
 
 
 
 
 
